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Studies on Dorylaipus stagnalis Dujardin, 1845 
presented in this thesis include observations on the 
morphology, anatociy, var iat ion, developmental biology, 
e f f e c t of chenicals end predatory behaviour. 
Observations on the morphology revealed variations 
in the tota l body length, size of spear, posit ion of 
guiding ring, posit ion of vulva, length of anterior and 
poster ior gonads, prerectum and t a i l . Females are larger 
than the males and also have larger odontostyles. In both 
the sexes the length of oaontophore i s greater than the 
odontostyle. Adults have 32-34, f i r s t stage 21-22, second 
23-24, third 25-26 and fourth 27-29 longitudinal ridges 
on the body. A cross-section of the mdd-body shows two 
large l a t e ra l chords and the corparatively smaller dorsal 
and ventral chords. In the anterior region, hov/ever, the 
s ize of a l l the foilr chords are equal and somewhat T-shaped. 
Somatic muscle ce l ls in the interchordal zones of hypodermis 
are typ ica l ly coelomyarian with polyniyarian arrangement 
(5-9 ce l l s in each quadrant). The s i ze , shape and number 
of these ce l ls vary in d i f f e r en t body regions of adults 
and juveniles. 
Of the various special ized muscles, those associated 
with the feeding apparatus are the protractor and retractor 
muscles. In the vulval region are the d i la ta tor and 
constr ictor vulvae. The oviduct - uterus junction has 
vjeak sphincter muscles. Kales are provided v.dth caudal 
copul£'.tory and spicular muscles. Kales possess 2 "bands 
of " ^ a l muscles while female have only one- band-which 
runs from ventral to subdorsal wal l of body. 
The digest ive system consists of a feeding 
apparatus (odontostyle and odontophore) , oesophagus, 
cardia, intest ine , prerectum, rectum and anus. The lumen 
of oesophagus is t r i rad ia te . Intestine i s made up of 
sinrjle layer of ce l l s , and is 10-13 ce l l s in circumference. 
The length of prerectum is more in males than females 
and made up of 9-11 ce l l s . Kales have 2-3 rectal glands. 
The females are amphidelphic and each sexual branch 
consists of a re f lexed ovary, an oviduct and a long 
f l e x i b l e uterus. The m^es are diorchic, t es t i s is 
follov/ed by a vas deferens, an ejaculatory duct v;hich 
joins the cloaca. There are 3 pairs of e jaculatory glands. 
The secondary sexual characters include paired spicules, 
l a t e ra l guiding pieces and supplements. Females have 
long f i l i f o r m ta i l s v;hile male t a i l s are short conoid. 
An analysis of morphome t r i e and allometric 
characters of adults and juveniles revealed that these 
characters may vary to d i f f e r en t degrees. The lengths of 
odontostyle, odontophore, posit ion of vulva, l i p vridth, 
l i p height, length of expanded part of oesophagus and 
number of suTDplements shov/ed the least var iat ion. The 
rat io 'a ' ( i n males), ' b ' , v' and T are also least 
variable characters in adiiLts and juveniles. 
The juveniles could be d i f f e r en t i a t ed from adults 
on the basis of their body length and in having 2 
odontojty les (the functional and replacerr:ont odontoctyles). 
rxr.onrist themselves, the four juvenile stages were 
distinguished by their functional and replacement 
odontostyles lengths, length of germinal primordia s-nd 
the number of germinal nuclei present in the primiOrdia. 
L i f e cycle (egg-egg) v;as completed in 117-13o days. 
Jimbryogenesis lasted f o r 45-83 hrs a f t e r which the f i r s t 
stage juvenile hatched. I>3velopmGntal stages ( I s , 2nd, 
3rd and 4th) v/ere typical ly characterised by the presence 
of replacement odontostyle and incompletely developed 
gonads. The odonto style developed from the single c e l l 
present in the anterior slender part of oesophagus and 
migrated through the odontophore to tcke the place of 
funct ional odontostyle during moulting. The germ.inal 
primordiamin the f i r s t stage i s oval and made up of 2 
germinal and 4-6 somatic nuclei. During the succeeding 
developmental stages, p ro l i f e ra t i on of germ ce l l s occurs 
and the gonad i s completely formied by the time the fourth 
stage juveniles moult into adults. The sexes can be 
d i f f e r en t i a t ed at third stage. Normally males miature 
e a r l i e r than females. 
The chenicals tes:;ed were toxic f o r adults and 
juveni les. Sodium chloride and Puradon were l eas t tor.ic 
in comparison with potassium chloride, potassiuui iodide, 
urea, ammonia and temik v;hich v/ere highly tonic. 
Observations on the predatory behaviour of 
D. sta.^nalis were made in agar plates. Rhabditis sp. was 
preferred most while Acrobeloides sp., T;';-lenchorhynchus 
mashhoodi and Ilelicotylenchus indicus the l east . Adults 
preyed more than their yoimcer stages. A l l factors v i z . , 
prey nuiriber, temperature and acar concentrations 
influenced predation by D. startnalis except the starvation 
of predators. Maximum predation took place when predators 
were placed in a population of 125 individuals of prey. 
Agar concentrations 1, 2 and 3!^  and temperatures 25° and 
30°C were most suitable f o r predation by D. sta.g:nalis. 
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INTRODUCTION 
INTRO DUCTIOIJ 
Neniatodes constitute one of the most abundant 
group of organisms in the animal kingdom. Their adapt-
ab i l i t y to diverse ecolog ica l conditions has resulted in 
the ir universal occurrence. They occur in t e r res t ia l and 
aquatic environments and may be saprophagous, phyto-
paras i t ic or predaceous in habit. The nematodes of 
agr icultural importance f a l l mainly under four Orders, 
v i z . , Tylenchida Thome, 1949; Aphelenchida Siddiqi, 1930; 
x-'ononchida Jairajpuri , 1969 and Dorylaimida Pearse, 1942. 
The members of the Order Tylenchida and Aphelenchida are 
mainly pl^nt parasites, while those of Mononchida are 
predatory. V/ithin the Order Dorylaimida, however, those 
belonging to the superfamilies Longidoroidea and 
Trichodoroidea are phytoparasites and some species oT 
thsse groups are also knovm to be vectors of soil-borne 
plant viruses. Many species of th: superf amilie s 
Dorylaimoidea, Nygolaimoidea and A ctinolaimoidea are 
reported to be predatory (Thorne, 1930,1939; Linford & 
Ol iv iera, 1937: 3sser, 1963: Wyss & Grootaert, 1977) but 
the majority are large ly saprophagous or suspected plant 
parasites. 
Extensive work has been done on the taxonomy and 
."-.orphology of plant parasit ic nematodes during the l as t 
several years, but studies on the m.orphology^ in particular 
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of dorylairas, did not receive much attention. Most of 
the ultrastructural O I'll! on dorylaiiT-S has been carried 
out on the phytophagous species. 
Goodey (1961), V/illiams( 1966) and Taylor & 
Robertson (1971) studied the nature, posit ion and ul tra-
structure of the guiding ring of Xir)hinenia and Lonaiidorus 
species. The ultrastructure and .musculature of the 
anterior feeding apparatus of Trichodorus chr i s t i e i . 
Lab rone ma, Loneidorus and Xlohinema species were studied 
by Hirumi ^ (1968), Grootaert & \>tyss (1973) and 
Robertson c: Taylor (1974). Coomans (196;3a) Coomans ec 
de Coninck (1963), Cooi-ans & Van der Heiden (1971), 
Carter & V/right (1979) and Grootaert 6c Coomans (19S0) 
provided a good account of the stoma structure and 
formation of the anterior feeding apparatus (odontostyle) 
in some dorylaim nematodes (Hygolainus, Atjorcelaimus , 
Ap0 rce1aime1lus, Labronema, Discolaimus, Actinolaimus, 
Crysonama, Lonr^idorus and Xiohinema spp). The histology, 
morphology and ulstrastructure of oesophageal region of 
Trichodorus a l l ius , Lon.^idorus elon^atus and Xinhinema 
index we re studied by 'bright (1965), Raskj e t aJ,. (1969) and 
Taylor ^ M . (1970). Lopez ^ (1967), Lippens et al . 
(1974) and VJright c: Carter (1980) gave a detai led account Of 
cephalic structur2s, u l t rastr jc ture of anterior body 
region, sense organs and body pores of Xiohinema 
americanum, Ariorcelaimellus obtusicaudatus and 
O 
Auoreels.imus pbscurus. Aboul-Sid C 1969a,1)) discussed the 
excretory and reproductive systems, body wal l and feeding 
apparatus of Longidorus macrosoma. The female gonad 
stinicture of Xiohinema, Lon,?idorus, Discolaimus and 
Labronema spp. was studied by Coo mans (1964) and 
Southey (1973). Hirumi et a l . (1971), Seinhorst & KozeoYisv^o. 
(1976) observed the platymyarian type of muscle ce l l s and 
special ized muscles of vagina and ov i j ec to r of Trichodorus 
ch r l s t i e i and Lonj?idorus species. Morphological studies 
on Eudorylaimus s i lvat icus, morphological and electron 
microscopic studies of Xiphinema index were made by 
Brzeski (1963), Roggen Cl966) and Roggen ^ a l . (1967). 
Anderson (1966) observed the nervous- system of Aporcelaimus 
amnhidysis. Sturhan (1963), Brzeski (1963), Bird & Mai 
( 1965), Malik & Jairajpuri (1983) and Rehman ^ ^ . ( 1 9 8 6 ) 
studied the morphometric and allometric variations of 
d i f f e r en t dorylaim nematodes. Radewald & Raski (1962), 
a^b 
Dalmasso & Younes (1969,70), Fisher (1962), ^legg (1966,6^, 
Jairajpuri & Baja j (1978), Malik & Jairajpuri (1983a) 
provided a good account of biology of d i f f e ren t species 
of Xiphinema and Longjidorus. Biology of Ar)orcelaimellus sp. 
and Labronema vulvaDar)illatum was studied by Wood (1973) 
and Grootaert & Small (1982). Predatory behaviour of 
Labronema vulvapapillatum was observed by Wys s & 
Grootaert (1977). 
PpyylalmHS sp. occurring at Ai igarh was i d en t i f i ed 
as Dorvlalmus starnal ls and the ent i re work i s based on 
the study of this species. 
Dorylajgus stagnalis is the type species of the 
genus Dorylalmus and was f i r s t described by Dujardin( 1845) 
from the stomach of two f ishes Cyprinus carpio and 
Gasterosteus laev i s . De Man (1880), Bastin (1865), 
Dadgy (1905) and Cobb (1914) described a number of species 
to this genus. Thome & Swanger (1936) and Thome (1939) 
in their c lass ica l monograph on dorylaim nematodes added 
a large number of species to this group. Andrassy (1959) 
revised the genus Dorylaimus and sp l i t i t into seven 
genera and included only large-s ized species in this genus 
which showed sexual dimorphism in t a i l . Goodey (1963), on 
the basis of the type species D. stagnalis Dujardin, 1845, 
redefined the genus and restr ic ted under this genus only 
those species which possess longitudinal ridges on the 
body cut ic le . Andrassy (1969) further subdivided the genus 
into three genera and placed under Dorylaimus only those 
species which had longitudinal ridges on the cutic le and 
numerous contiguous ventromedian supplements. Since then 
several species have been added to this genus. 
Khera (1970) reported D. stagnalis f o r the f i r s t 
time from India. In 1979, Kulvey & Anderson described 
the same species from the r iver systems of Korth-V/est 
t e r r i t o r i e s of Canada. Later on, Ahmad (unpublished) 
reported D. stasinalis from Muttapullam, 
Tamil IJadu, India. Eilgrami e^ aj^. (1986) collected tnis 
species from paidy f i e l d s from v i l l age Jamalpur, d i s t r i c t 
Al igarh , Populations of D. atagnalls used in a l l the studies 
presented in this thesis were also iso lated from this 
l o c a l i t y . 
In the present work an attempt has been made to study 
the morphology, anatomy, bio logy and behaviour of D. stagnal is . 
The ent i re work i s divided into nine chapters. Observations 
were made on the morphology of adults and juveni les , their 
anatomy including musculature, d igest ive and reproductive 
organs. Important morphological var ia t i ons - in structure which 
are of taxonomic importance are discussed in d e t a i l in the 
chapter of v a r i a b i l i t y . The developmental b io logy of D. 
s tagnal is i s described under two headings-embryonic and post-
embryonic development. The e f f e c t s of some chemicals, f e r t i l i -
zers and neraaticides on the a c t i v i t y and survival of adults 
and juveni les and the predatory behaviour of D. stagnalis 
have been deal t in the l a s t two chapters. 
Keeping in view the f a c t that stagnal is i s the type 
species of the Order Dorylaimida i t was chosen f o r the above 
studies . I t may serve as a model f o r the study of b io logy of 
other dorylaim species spec ia l l y those having long l i f e cycles, 
Further, D. stagnalis i s an e f f i c i e n t predator and can play 
an important ro l e in contro l l ing population l e v e l s of other 
nematodes. A large number of species of ether dorylaims 
having similar feeding apparatus and feeding behaviour as 
D. sta/?:nalis may also be he lp fu l in b i o l o g i ca l control of 
p lant paras i t i c nematodes. 
MATERIAL & METHODS 
r 0 
MATERIAL AED METHODS 
Soil sampling; The so i l samples which yielded Dorylaimus 
stagnalis were col lected from the paddy f i e l d s situated near 
the v i l l age Jamalpur, d i s t r i c t Aligarh. These were brought 
to the laboratory in polythene bags and stored at 10-15°C, 
i f not processed immediately. Usually fresh so i l samples 
were col lected for iso lat ing the nematodes f o r various 
types of study. 
Processing of samples; The samples were processed by 
Cobb's (1918) modified decantation and sieving techniques. 
About 500 grams of so i l was placed in a bucket h a l f - f i l l e d 
with water. The water was s t i r red gently fo r breaking the 
so i l lumps and for making the suspension homogeneous. I t 
was then l e f t undisturbed for a few seconds to allow the 
heavier so i l part ic les , e tc . to set t le down at the bottom of 
the bucket. The suspension was then passed through a coarse 
sieve (mesh no. 16, pore size 1.0 mm) and was col lected in 
another bucket. This process was repeated three times to 
get r id of a l l kinds of debris. The whole suspension was 
then passed through a f ine sieve (mesh no. 300, pores size 
53 um). The residue on the sneve was gently washed with 
tap water and col lected in a beaker. 
Iso lat ion: The muddy suspension obtained as ab9ve was 
passed through a sm.all coarse sieve l ined with 
tissue paper. I t was then placed in the Baermann's funnel. 
The stem of the funnel was f i t t e d with a short rubber 
tubing with a stopper attached to i t . The funnel was f i l l e d 
with water which touched the bottom of the supporting s ieve. 
This was l e f t undisturbed f o r about 24 hrs and afterwards 
a small quantity of suspension was col lected in a test tube 
through the stopper. The nematodes were now in clean water 
almost free from debris, etG. 
Ki l l i ng and fijcingt The nematodes in the test tube were 
allowed to se t t l e down at the bottom and the excess amount 
of water was removed with the help of a dropper. 
Hot (50-60°C) 8/1 formaldehyde solution (double strength) 
was added to the suspension which k i l l ed and f i xed the 
nematodes instantaneously. 
Mounting and sealing; The nematodes f i xed as above were 
transferred, a f ter at l eas t 24. hours, to a cavity block 
containing glycerine - alcohol (5 parts glycerine + 95 
parts 30i a lcohol ) . The cavity block was then kept in a 
desiccator for slow dehydration. After about 2 weeks, the 
nematodes d e h y d r a t e w e r e mounted in anhydrous 
glycerine on glass or metal l ic s l ides. Pieces of glasswool 
of suitable thickness were placed between the cover-s l ip 
and the sl ide to prevent f latening of specimens. The edges 
of cover-s l ip were sealed with 'putty ' ( Ja i ra jpur i& 
Rahmani, 1978). 
Cross sections; The cross-sections of d i f f e r en t regions of 
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the body of adults and juveniles were cut in glycerine-
j e l l y with a sharp-edged razor blade or an eye-kni fe . 
These sections were mounted in the same medium. 
Measurements and drawings; An ocular micrometer was used 
f o r taking measurements and De Man's (1884) formula fo r 
denoting body dimensions. Drawings were made with the help 
of a camera lucida. In the text um stands for ;im. 
Staining; To study the development of muscles and gonads 
in adult and juveniles of Dorylaimus stagnalis. lacto-
aceto-orce^in ( l gm of orcein in 34 parts d i s t i l l e d water + 
33 parts acet ic acid + 33 parts l ac t i c acid) stain was used. 
In addition to general methodology given as above, 
spec i f i c methodology concerning a particular type of study, 
e . g . feeding, is given separately. A br ie f account of 
morphology of D. stagnalis was included in the M. Phi l , 
d issertat ion of the author. 
Lis t of Abbreviations 
L = Total body length 
a = Total body length/maximum body width 
b = Total body length/oesophageal length 
c = Total body length/tai l length 
c' = Ta i l length/anal body diameter 
V = Position of vulva from anterior end x 100/ 
to ta l body length 
T = Distance from cloaca to t ip of tes t i s x 100/ 
to ta l body length 
G^ = Anterior gonad length x 100/total body length 
G2 = Posterior gonad length x 100/total body length 
DO = Position of dorsal oesophageal gland o r i f i c e 
from anterior end x 100/total oesophageal 
length 
DN = Position of dorsal oesophageal gland nucleus 
from anterior end x 100/total oesophageal 
length 
D0-DN= Distance between dorsal oesophageal gland 
nucleus and i t s o r i f i c e x 100/length of 
oesophagus • 
SJ^ NT = Position of nucleus of anterior subventral 
oesophageal gland of the f i r s t pair from 
anterior end x 100/total oesophageal length 
SiO]_ = Position of o r i f i c e of anterior subventral 
oesophageal gland of the f i r s t pair from 
anterior end x 100/total oesophageal length 
~ Position of nucleus of posterior subventral 
oesophageal gland of the f i r s t pair from 
anterior end x 100/total oesophageal length 
~ Position of o r i f i c e of posterior subventral 
oesophageal gland of the f i r s t pair from 
anterior end x 100/total oesophageal length 
S2N = Position of second pair of subventral oeso-
phageal gland nuclei from anterior end x 
100/total oesophageal length 
lu 
SgO = Posit ion of o r i f i c e s of second pair of 
sUbventral oesophageal gland from anterior 
end X 100/total oesophageal length 
L^ = F i rs t stage juvenile 
L2 = Second stage juvenile 
L3 = Third stage juvenile 
L^ = Fourth stage juvenile 
SD = Standard deviation 
CV = Coef f i c ient of var iat ion 
SE = Standard error 
r = Coef f ic ient correlat ion 
MORPHOLOGY St ANATOMY 
l i 
DESCRIPTION OF DORYLAIMUS STAGWALIS DUJARDIN, 1845 
PHYLUM - NEMATODA 
CLASS - ADENOPHOREA 
ORDER - DORYLAIMIDA PEARSE, 1942 
SUiiORDER - DORYLAIMINA PEARSE, 1942 
SUPERFAMILY - DORYLAIMOIDEA DS MAN, 1876 
FAMILY - DORYLAIMIDAE DE MAN, 1876 
SUBFAMILY - DORYLAIMINAE DE MAN, 1876 
GENUS - DORYLAIMUS DUJARDIN, 1845 
TYPE SPECIES - DORYLAIMUS STAGNALIS 
Dorylalmus stagnalls, the type species of the genus 
Dorylalmus was f i r s t described by Dujardin in 1845. Later 
Thorne (193<1), Thome & Swanger (1936), Andrassy (1959,1969), 
Khera (1970) and Mulvey & Anderson (1979) redescribed 
po^rts 
D. stagnalis from various/of the world. The d i f f e r en t 
populations of D. stagnalis from Jodhpur and Lucknow 
reported by Khera (1970) showed l i t t l e variations in length 
and other characters as compared to the present population 
of D. stagnal is. 
Dimensions; Table I , F ig . 1 
Female; Body s l i gh t l y ventral ly curved upon 
f i xa t i on , tapering gradually towards extremities but more 
poster ior ly . Cuticle with f ine transverse str iat ions, 
6-9 um thick at mid-body and marked with 32-34 longitudinal 
r idges which gradually fade out towards extremit ies. Lateral 
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chords 1/4 - 1/3 of corresponding body width wide at mid-
body, Dorsal and ventral body pores 7-10 and 25-30 
respect ive ly . 
Lip region s l i gh t l y narrower than adjoining body, 
marked by a s l ight depression, 15-23 um wide and 6-8 urn 
high. ^ face view shows six amalgamated l ips which are 
arranged as fo l lows: 2 ventrosubdorsal, 2 l a t e ra l and 2 
ventrosublateral (F ig . 2-A). Each l i p bearing a papi l la on 
the inner c i r c l e t and a papi l la on the outer c i r c l e t . The 
subdorsals, and subventralseach bear an additional papi l la . 
Thus^ the l i p region has 16 papil lae and a hexagonal ora l 
opening. 
Amphids stirrup-shaped with s l i t - l i k e apertures, 
8-11 um wide, occupying about 1/2 of corresponding body 
width, 8-9 um from anterior end (F i g . IC ) . Amphid 
consisting of an amphidial pouch ( fovea ) and amphidial duct 
(Canalis amphidialis). The amphidial pouch is connected 
to amphidial duct, leads to sensi l lar pouch (fusus) 
containing sensory neurons. 
Odontostyle cyl indroid, 5-6 l i p region widths long, 
i t s aperture 13-15 um wide or 29 - 35^ of odontostyle length. 
Odontostyle 38-53 um long, forked at i ts junction with 
odontophore. Odontophore or spear extension is simple, 
rod- l ike , s l i ght ly longer than odontostyle, embedded in the 
oesophageal tissues. I ts length ranges from 39-62 um. 
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Guiding ring 'double ' , consisting of a f i x ed and a movable 
r ing connected to each other. Posit ion of f i xed guiding 
ring is usually constant, lying 17-32 um from anterior end. 
Length of guiding sheath depends upon the posit ion of 
odontostyle. 
Oesophagus dorylaimoid, i t s length varies from 
635-888 um. Nerve ring encircCling anterior slender part 
of oesophagus and lying between 165-247 um from anterior 
end. Expanded part of oesophagus occupying 51-52'^ of 
oesophageal length. Length of expanded part varying from 
327-460 um. Location of oesophageal gland nuclei and their 
o r i f i c e s as in Table I I . 
Cardia wel l developed, 23-57 um long, elongate-
cyl indroid with a disc and surrounded by intest inal t issues. 
Vulva transverse, s l i t - l i k e , pre-equatorial or 
equatorial , SS-SO^from anterior end. Reproductive system 
amphidelphic, each sexual branch consisting of a re f lexed 
ovary, oviduct and uterus. 
Prerectum 202-418 um long or 5-7 anal body widths. 
Rectum 45-68 um long or 1.1-1.2 anal body widths. 
Tai l elongate, tapering gradually 103-304 um long 
or 2.7-5.3 anal body widths with 3 caudal pores on each side. 
Male; Similar to females in general body shape and 
morphology except fo r the ventral ly curved posterior 
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extremity. Reproductive system diorchic with usual organs. 
Spicules dorylaimoid, ventral ly curved 78-112 um long, 
l a t e ra l guiding pieces 9-17 um long. Supplements 
consisting of an adanal pair and a contiguous series of 
41-47 ventromedians, Prerecfum 6-11 anal body widths long, 
varies from 277-779 um and extends beyond range of 
supplements. Ta i l short, conoid with bluntly rounded 
terminus, i t s length varies from 30-42 um or 0,6 anal 
body width long, caudal pores 3-5 on each side. 
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ANATOMY 
During the past several years, observations 
have been made on the morphology and anatomy of d i f f e ren t 
species of dorylaim nematodes. Brzeski (1963) 
studied the morphology of Endorylaimus s i lvat icus. 
Coomans (1965) studied the structure of female gonads 
of dorylaims nematodes. Anderson (1966) and Lopez 
Abe Ua^( 1967) observed the nervous system and cephalic 
structure of Aporcelaimus amphidysis and Xiphinema 
americanum. The ultrastrueture of feeding apparatus of 
Trichodorus Christie i^ morphology and ultras true ture of 
oesophageal region of Trichodorus a l l ius and of muscle 
ce l l s in Trichodorus chr i s t i e i and Longidor-gs elongatus 
were studied by Hirumi ^ a l . (1968), Raski ^ sa. (1969) 
and Hirumi ^ aJ. (1971). Aboul-Sid ( 1 9 6 ^ observed the 
morphology of excretory and reproductive systems of 
Longidorus macrosoma. Wright (1965) and Taylor ^ a i . 
(1970) observed the ultrastructure of the oesophageal 
region of Longidorus elongatus and Xiphinema index 
respect ive ly . Tayler & Robertson (1971) observed the 
ultrastructure of the guiding ring and guiding sheath in 
Xiphinema and Longidorus sp. Lippens e t a l . (1974) and 
Seinhorst & Kozeonska (1975) studied the ultrastructure 
of anterior region, vaginal muscles and ovi^ector of 
Aporcelaimellus obtusicaudatus. Aporcelaimellus obscurus 
and Longidorus caespit icola. Grootaert 4 Wyss (1978) and 
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Wright & Carter (1980) observed ultras true ture of f eed-
ing apparatus, ceplialic sense organs and body pores in 
the species of Labrenema and Xj-phinema. 
During the present study detai led morphological 
and anatomical observations on the adult and juvenile 
stages of D. sta^nalis were made. These are recorded 
be low: 
Cuticle; The cutic le is thick, varying in d i f f e r en t 
regions of body, the thickness varies from 5-6 um in 
anterior region, 6-9 um at mid-body and 5-8 um on t a i l . 
I t is marked with transverse s tr iat ions, and with 32-34 
longitudinal ridges which show as l ines in toto-mounts. 
These ridges are prominent at mid-body but gradually 
fade out towards extremities (F ig , ZD), The dorsal and 
ventral body pores are present, numbering 7-10 and 25-30 
respect ive ly . These pores are usually more in anterior 
region of body. 
Hvipodermis; The hypodermis is a thin layer situated 
beneath the cut ic le . A cross-section of body shows the 
hypodermis bulging out at four d i f f e r en t points forming 
hypodermal chords of which two are la tera ls , one dorsal 
and one ventral . Lateral chords are more prominent, 
l/4th - l/3rd of corresponding body width wide at mid-
body and consisting of 3-4 or more rows of nucleated 
c e l l s . These chords are 14-15 um high and 26-30 um wide 
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at mid-body. Dorsal and ventral chords are 
comparatively smaller than the l a t e ra l , and consist 
of only one or two rows of c e l l s . In the anterior 
region of body a l l the 4 chords are strongly developed, 
equal in size and appear somewhat T-shaped in Cross-
section (F ig , 2E). 
MUSCULATURE 
The musculature in D. stagnalis is of tv/o types: 
i ) Somatic or unspecialized muscles; This type 
of muscles i s arranged in the interchordal zones of the 
hypodermis, 
i i ) Specialized muscles; The special ized muscles 
are associated with particular organs f o r spec i f i c 
functions. 
Somatic or unspecialized muscles: Somatic musculature 
is polymyarian consisting of 5-11 ce l l s in each 
quadrant. The muscle ce l l s are coelomyarian and 
made up of two parts: the proximal (upper) nucleated 
non-contractile sarcoplasmic part, and d is ta l ( lower) 
contract i le part consisting of muscle f i b res , attached 
to the hypodermal layer. The muscle f ibe rs appear 
broken at the bottom of the ce l l s and in the anterior 
region of the contracti le part. The s ize , shape and 
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number of the ce l l s varies in d i f f e r en t body regions. 
The height of the somatic muscle ce l l s at mid-body is 9 -
13 um. The proximal non-contractile part is 5 urn high 
and 8 um wide while the d i s ta l part is 6 um high and 
5 um wide. 
The cross-sectionsof anterior and posterior body 
regions show that the muscle ce l l s are smaller in size 
and lesser in number (5-6) as compared to those located 
in the mid-body. The height of muscle ce l l s in anterior 
and posterior regions varies from 8-9 um. 
Specialized muscles; These muscles are associated with 
various organs of body f o r performing special functions 
and help in proper functioning of a particular organs 
system. The nomenclature is based either on the organs 
they are associated with or the function that they 
perform. 
i ) Spear muscles; ( P i g . 3B) Two sets of muscles are 
associated with the feeding api^atus - the protractor 
the 
and/re tractor muscles. 
a) Protractor muscles; The protractor muscles extend 
poster ior ly from the l i p base along the feeding 
apparatus and join the e l l i p so ida l sv/elling of the 
anterior oesophagus. These muscles consist of 8 muscle 
bands, 4 sublaterals, 2 subdorsals and 2 subventrals. 
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The protractor muscles are responsible f o r forward 
movement of feeding apparatus during feeding. 
b) Retractor muscles; The retractor muscles extend 
anter ior ly from the submedian body wal l to the e l l i p -
soidal swell ing. There are two sets of muscles, each 
consisting of 2 muscle bands. The retractor muscles 
help in the backward movement of the feeding appratus. 
i i ) Somato-oesophageal muscles; . The somato-oesophageal 
muscles are weakly developed. These muscles are 
attached to the oesophagus at one end and body wall at 
the other end. 
i i i ) So ma to- intest inal muscles; These muscles are 
associated with the intestine but are very poorly deve-
loped. 
i v ) Vulval muscles (F ig . 3E,F): The vulva is provided 
with we l l defined muscles. The contraction and d i la t ion 
of vulva is brought about respect ive ly by the constrictor 
at 
vulvae and d i l a ^ r vulvae. These are described below: 
a) Dilatator vulvae; These muscles or ig inat ing at Vulra 
run towards the ventro- latera l sides of body. Dilatator 
vulvae possess 16 muscle bands. Four pairs of these 
muscle bands are situated anterior to and four pairs 
posterior to vulva. The contraction of d i la tator vulvae 
muscles bring about the opening of vulva. 
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b) Constrictor vulvae; The constrictor vulvae or ig inate 
at base of vagina and extend towards the ventro- lateral 
sides of the body wal l . The function of these muscles is 
antagonistic to that of the d i latator muscles helping in 
the closing of vulva, 
v) Sphincter muscles (F i g . 3C): The oviduct is d i f f e ren-
t ia ted from the uterus by the presence of a sphincter which 
consists of weakly developed muscles. These muscles, as 
their name indicates, controls the lumen of sphincter or 
passage of egg. 
v i ) Anal muscles (F ig . 3G , I ) : The anal muscles or ig inate 
at the lower side of anus and extend to the subdorsal wall 
of body. The number of muscle bands d i f f e r in males and 
females. Males possess two bands of muscles, while the 
females have only one broad muscle band. These muscles 
help in the opening and closing of anus. 
v i i ) Copula to ry muscles (F i g , 3D): These muscles are 
obl iquely present on both the sides of posterior region of 
males. They run from the subdorsal to the ventral sides of 
body wal l . The f i r s t copulatory muscle l i e s anterior to 
the f i r s t ventromedian supplement. The number of these 
muscle bands varies from 95-135. The last copulatory 
muscle band is at the l e v e l of anus. 
v i i i ) Caudal copulatory muscles (F ig . 3fG): The caudal 
copulatory muscles are present at the posterior end of anus 
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and consist of 2 groups of obl iquely transverse muscles. 
They extend horizontaly from the latero-dorsal body wal l to 
the ventral body wal l . The anterior most muscle band is 
present at the lower l i p of the cloacal opening. The jo int 
action of the copulatory and caudal copulatory muscles 
provide more curvature to the t a i l region during the copu-
la t i on . 
i x ) Spicular muscles (F ig , 3H): Two types of muscles are 
associated with the spicules, namely retractor sp icul i and 
protractor sp icul i . These are d?scribed as fo l lows: 
a) Retractor spicul i ; A pair of muscle band originates 
and extends anterior ly from the head of spicules to the 
muscles 
latero-dorsal sides of body wall . In cross-section these/ 
appear to surround the spicular sheath and thus forming 
another sheath of muscles around i t . The contraction of 
these muscles brings back the spicules to their resting 
posit ion, 
b) Protractor spiculit The protractor spicul i muscles 
consist of 4 groups, one dorsal, two la tera ls and one 
ventral . The protractor sp icul i muscles which extend 
poster ior ly are attached to the head of the spicules. These 
muscles also surround the spicular sheath. The dorsal and 
l a t e ra l muscles extend poster ior ly and are attached to the 
t a i l t ip whereas the ventral muscles are connected 
anter ior ly to the cloacal opening. The contraction of 
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these muscles help in the protrusion of spicules during 
copulation. 
x ) Muscles of the l a t e ra l guiding pieces; These are 
retractor muscles which extend up to the sheath of each 
guiding piece from the latero-dorsal body wall . Contraction 
of these muscles brings about the retract ion of the protruded 
guiding pieces to the inter ior of the body. 
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DIGESTIVE ORGANS 
The digestive organs of Dorylaimus stagnalls consist 
of a feeding apparatus (odontostyle and odontophore), 
oesophagus, oesophago-intestinal jjunction (card ia ) , 
intest ine, prerectum, rectum and anus. These are descri^bed 
below: 
Feeding apparatus; The feeding apparatus consists of 
odontostyle, odontophore, guiding ring and guiding sheath. 
The spear is hollow and axial in posit ion consisting 
of two parts, the anterior sc lerot ized odontostyle and the 
posterior somewhat muscular odontophore. The odontostyle 
is a cyl indroid tube with an anterior dorsal aperture. The 
walls of odontostyle are bifurcate at base. The odonto-
sty le or ig inates from a special c e l l present in the sub-
median wal l of the anterior slender part of oesophagus. The 
odontophore is simple and rod- l ike, i t s base enclosed in an 
e l l i p so ida l swelling of anterior oesophagus. The odonto-
phore is formed by the cuticular layers of oesophagus. In 
a cress-section the lumen of odontophore appears wide, thick 
(J' ig.2£) 
and triangular where i t joins the oesophagu^. The odonto-
sty le is enclosed in a guiding sheath. The guiding sheath 
forms a 'double' guiding ring around the odontostyle which 
l i e s at 17-32 um from the anterior end of body. The sheath 
and the guiding ring together guide to and f ro move-
ments of the odontostyle during feeding. Protractor and 
retractor muscles are attached to the e l l i p so ida l swelling 
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of oesophagus near base of odontophore which brings about 
protraction and retract ion of the feeding apparatus. In 
cross-section (F ig . 2D) , these muscles are eas i l y v i s i b l e , 
pesopha^u,s; The oesophagus is ' dorylaimoid' type. The 
anterior slender part is encircled by a nerve ring near i t s 
middle. This anterior part gradually expands to form the 
basal expanded part of oesophagus. The cross-section of the 
anterior part of oesophagus (F ig , 2 G) shows a t r i - r ad i a l 
lumen which is surrounded by radial oesophageal muscles. 
The radial muscles or ig inate from ihe oesophageal walls and 
continue up to the oesophageal lumen. The expanded part 
of oesophagus is highly muscular, 51-52^ of the oesophageal 
length. The total length of oesophagus varies from 
635-888 um. The oesophageal glands and their o r i f i c e s are 
located in the expanded part of oesophagus. One gland is 
dorsaL and two pairs are ventro-sublateral in posit ion. 
The dorsal gland is large and i t s nucleus and duct are 
conspicuous. A cross-section of expanded part of oesophagus 
(Fig,2H) 
shows a cuticularized t r i - rad ia te lumen .^ The oesophagus 
is divided into three sectors, one dorsal and two ventro-
sublaterals, by the three radiating arms of the lumen, one 
of which is ventral and two subdorsals. 
OesoDhago-intestinal .junction; The oesophago-intestinal 
junction or cardia is an elongate-cyl indroid to conoid 
structure and is surrounded by intest inal c e l l s . A de f in i t e 
cardiac disc is also present. In a cross-section the rad ia l 
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( F i g .^^ ) 
muscle bands are seen encircl ing the lumen of oesophagu^. 
These prevent regi^gitation of food from the intestine when 
i t is f u l l and the turgor pressure is high. 
Intest ine; The intestine or ig inates from the base of 
cardiac disc. I t is an elongate sac-l ike tube with a wide 
lumen. The intestine connects the oesophagus with the pre-
rectum. The intestine is made up of s ingle- layered ce l l s , 
10-13 in circumference (F ig . 2.J). Intestine is heterocytous 
( d i f f e r e n t types of c e l l s ) , anisocytous ( d i f f e r e n t height 
of c e l l s ) , and polycytous (more than 256 ce l l s in number). 
Due to excessive granulation, the c e l l nuclei are not 
c lear ly v i s i b l e . 
Prerectum; The intestine leads to the prerectum. The 
junction of intestine and prerectum is marked by a weakly 
developed sphincter. The prerectum d i f f e r s from the 
intest ine in the number, size and colour of the ce l l s , and 
also in the width of i ts lumen. In a cross-section (Fig.2K) 
i t appears to have only 9-11 ce l l s with a somewhat t r i -
radia l lumen. The length of prerectum varies in both the 
sexes. The males have longer prerectum measuring 277-779 um 
while the females have shorter, 201-418 um. 
Rectum; I t is a narrow dorso-ventrally f la t tened tube l ined 
with cut ic l e . The rectum opens external ly through the anus. 
In males the rectum open into the cloacal pouch which is 
also l ined with cut ic le . The cloaca is a complex structure 
which accommodates the spicules and other accessory 
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structures. The cloacal pouch and spicules are formed by 
the spicular primordia. The pouch opens outside the body 
through the cloacal aperture. 
Rectal glands; In males, 2-3 uninucleate glands are 
present beneath the spicules. Each gland has an enlarged 
nucleus and a canal that leads to the cloacal pouch. 
Anust Anus is a s l i t - l i k e , mid-ventral opening meant fo r 
the disposal of waste material to the outside of the body 
o f the animal. 
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REPRODUCTIVE ORGANS 
D. stagnalis is amphigonous exhibit ing sexual 
dimorphism in the posterior tegion of the body. 
FEMALE: 
The female reproductive system is didelphic, amphi-
delphic and each reproductive branchy consisting of an ovary, 
oviduct and uterus^leading to a common vagina and vulva 
(Fig.-^^/l). 
Ovary; Ovary is re f lexed, lying dorsal or ventral to the 
intest ine . I t is enclosed in a double-walled ep i the l i a l 
sac containing the germ c e l l s . The epithelium consists of 
elongate spindle-shaped ce l l s . The ovary is divided into 
two zones - the germinal or pro l i f e ra t i on zone and the 
growth or maturation zone. In the germinal zone the 
developing oocytes are arranged in several rows but in the 
maturation zone the oocytes occur f i r s t in a double and 
then only in a single row. During the breeding season, due 
to enlargement of ovary, the germinal zone sometimes comes 
to l i e very close to the vulva. A blind sac may be present 
at the junction of ovary with the oviduct. A cross-section 
through the maturation zone (F i g . 4B) of the ovary shows 
a large nucleus surrounded by ep i the l i a l tissue but a 
section through the germinal zone shows several c e l l s . 
Oviduct; The ovary i s f o l l oved by an oviduct which is 
d iv i s ib l e into a narrow elongated anterior part and an 
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enlarged but shorter posterior part (pars d i l a ta to r ) , The 
d is ta l narrow part is made up of t a l l columnar ce l l s with 
large ovoid nuclei . The outline of the columnar ce l l s are 
not d is t inct . The dista l part is made up of 6-7 high 
columnar ep i the l i a l ce l l s (F i g . 4B) and appears circular 
with a narrow lumen in cross sections. 
Sphincter: I t is a weakly developed structure that is 
present between the oviduct and the uterus. The sphincter 
is provided with weak muscle bands, cal led the sphincter 
muscles (F i g . 3c ) , These help in regulating the passage 
of ova from the oviduct to the uterus. 
Uterus; The uterus is a strongly muscular but highly 
variable part of the female gonad. I t consists of a single 
layer of f la t tened columnar ce l l s and is surrounded by the 
muscle layer . The muscle layer is made up of circular and 
oblique f i b e r s . The anterior part of the uterus serves as 
a seminal receptacle ( f e r t i l i z a t i o n chamber), and plays an 
important ro le in the formation of egg she l l . The posterior 
or proximal partsof both the uter i join to form a common 
chamber cal led vagina (F ig . 4C). The maximum number of 
eggs that were recorded in the uterus at one time ranged 
Sometimes 
between 12-18.^ sperms are present in the proximal part of 
the uterus. 
Vagina: The vagina extends from about half to one-third of 
the corresponding body-width. I t is l ined with invaginated 
body cutic le and has a thick-wall . The vagina of D. stagnalis 
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has a narrow lumen and is surrounded by vaginal muscles. The 
epithelium of the vagina consists of large ce l l s while i t s 
musculature is connected to that of uterus but is usually 
thicker. The length and width of vagina varies from 30-45 uin 
and 23-53 um respect ive ly . 
Vulva; The vagina opens to the exter ior through a transverse 
s l i t - l i k e vulva on the ventral side. The vulva may be pre-
equatorial or equatorial in posit ion. I t s l i ps are cuticu-
la r i zed due to the invagination of cut ic le . The opening and 
closing of vulva is controlled by d i latator and constrictor 
vulvae muscles (F ig . 3S,F). 
MALE: 
The male reproductive system consists of paired 
testes, vas deferens, ejaculatory duct and cloaca. The 
secondary sexual organs associated with the male 
reproductive system are spicules, l a t e ra l guiding pieces 
and the supplements ( gen i ta l pap i l l ae ) . 
Testes (F i g . 5A): Testis is paired (d io rch ic ) , opposed and 
outstretched. Each tes t is is divided into a germinal zone 
and a growth zone. The germinal zone is made up of numerous 
rows of spermatogonial c e l l s . The proximal end of this zone 
has fewer but larger ce l l s . The maturation (growth) zone is 
made up of many rows of c e l l s with prominent nuclei . Oval 
sperm with large nuclei develop from these c e l l s . A muscular 
layer made up of muscle f ibe rs surrounds each t e s t i s . This 
layer is weakly developed around the germinal zone but is 
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wel l developed around the zone of maturation. 
Vas deferens; The proximal ends of the two testes join to 
form a simple common duct cal led the vas deferens. I t is 
thick-walled and made up of cuboidal epithelium (F ig . 5C). 
The vas deferens is d i f f e rent ia ted into anterior narrow and 
posterior broad parts. 
E.jaculatory duct; The posterior wider part of vas deferens 
is cal led the ejaculatory duct. This duct is thin-walled 
consisting of columnar ep i the l i a l c e l l s . The ejaculatory 
duct is responsible f o r the ejaculation of sperm during 
copulation. 
S.iaculatory glands (F i g . 5H): Three pairs of glands^known 
as ejaculatory glands^are associated with the ejaculatory 
duct. These glands are elongate with prominent nuclei and 
are placed l a t e ra l l y . The duct of these glands open at the 
rectum-e jaculatory duct Junction. 
Cloaca and associated secondary sexual structures; 
.Cloaca; The ejaculatory duct joins the rectum poster ior ly 
on the dorsal side, forming a pouch-like structure known as 
cloaca. The lumen of cloaca is narrow. The ep i the l i a l layer 
that surrounds the cloaca has a similar structure as that 
of the ejaculatory duct. Cloaca accommodates spicules and 
other accessory structures l ike l a t e ra l guiding pieces. 
Spicules (F i g . 51). There i s a pair of separate spicules. 
31 
SPtciAesare arcuate, similar in shape and equal in s ize . The 
spicules are narrow at their tips and are provided with 
median pieces. Each spicule consists of two parts, a head 
or eapitulum and a blade or lamina. The head is sc lerot ized, 
rounded and placed dorsal ly. The laimina or blade is f u s i -
form and ventral in posit ion. Each spicule is covered with 
spicular sheath. In a cross-section at the l e v e l of head, 
the spicules appear broad with two cav i t i es . The cav i t ies 
are covered with spicular sheath (F ig , 5F). Retractor and 
protractor muscles attached to the spicules guard their 
mo vements. 
Lateral guiding pieces (F ig . 51): These are two small 
sc lerot ized structures with blunt ends. Each l a t e ra l guiding 
piece is situated along the ex t e r i o - l a t e ra l part of the 
spicules. A sheath is present around each guiding piece. 
The sheath is separated anter ior ly but poster ior ly i t Joins 
the anterior part of the cloacal opening. 
Supplements (F i g . 5H): Supplements are small and elevated 
structures that are present on the ventral side of the 
posterior region of body. These supplements are provided 
with nerve endings. The supplements are an adanal pair and 
a mid-ventral contiguous series of 41-47. In a cross-section, 
the ventral side of the body possessing supplements is more 
elevated than the contour of the surrounding sides (Fig,5G). 
Tai l (F i g . 1 F,G). I t is long and f i l i f o r m , tapering 
gradually in the females and measuring 103-304 um. I t has 
Ol o w 
3 caudal pores on each side. In males, i t is short and 
conoid with bluntly rounded terminus. The length ranges 
from 30-42 urn with 3-5 caudal pores on each side. 
INTERSEXUALITY: 
During the present study two intersexual specimens 
of D. stagnalis were found. Both these are female inter-
sexes. 
Intersexuality is not so very rate among the 
dorylaim nematodes and several workers have reported this 
genetic abnormality, v i z . , Tyleptus striatus ( Ja i r a j pu r iA 
Siddiqi, 1964), Longidorus macrosoma (Aboul-Eid & Coomans, 
1966), Longidorus africanus (Cohn & Mordechai, 1969), 
Lentonchus obtusus (Goseco & Ferris, 1973); Xiphinema 
ingens (Lamberti e t 1975), Xiphinema insigne (Ba ja j & 
Jairajpuri , 1977), Aqua t ides thornei (Ja i ra jpur i ^ a l . 
1977). A l l these species were female intersexes, the 
exception being Xiphinema insigne which was a male intersex. 
Female intersex of D. stagnalis 
(Table 3, Fig. 6 ) 
Description; 
Body s l i gh t l y ventra l ly curved upon f i xa t i on and 
tapering towards the extremities but moye poster ior ly . 
Body length varies from 2.56-3.14 mm. Lip region s l i gh t l y 
narrower than the adjoining body marked o f f by a s l i ght 
depression, 15-18 um wide and 6-8 um high. Odontostyle 
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cyl lndroid, 42-45 um long. Odontophore simple, rod- l ike , 
44-45 um. Guiding ring 'double ' , 24-27 um from anterior 
end. Nerve ring encircl ing the anterior slender part of 
oesophagus, 357 um from anterior end. Oesophageal length 
varies from 608-768 um. Cardia 23 um long, elongate 
cyl indroid v i th a disc surrounded by intest inal tissues. 
Prerectum 194-380 um long. Rectum 39-60 um long. Vulva 
transverse s l i t - l i k e , supported by wel l developed vulval 
muscles. Reproductive system amphidelphic, each sexual 
branch consisting of a re f l exed ovary, oviduct and uterus. 
Paired testes present in only one specimen, spicule length 
varies from 36-57 um. Tai l elongate tapering gradually, 
106-118 um long. 
Remarks; The two intersexes have predominantly female 
characters, except that the posterior female genital branch 
is s l i gh t l y smaller in length than the anterior branch. 
Vulva is strongly sc lerot ized with wel l developed muscles. 
The male reproductive system is poorly developed and appears 
most probably to be non-functional. Only in one specimen(/^^6 
degenerate testes were observed. The spicules are weak, 
small in size as compared to the normal males. Ventromedian 
supplements and copulatory muscles were not observed. Almost 
normal development of female reproductive system indicates 
that these intersexes should have functioned as normal 
females and would have produced normal f e r t i l e eggs. 
JUVENILE STAGES 
F i rs t Stage Juvenile 
(F i g . 7) 
PiEsns ions: Table I 
Description; Body slender almost straight upon f i xa t ion , 
tapering gradually towards both extremities, more towards 
the posterior end. Cuticle with f ine transverse str iat ions, 
1.5 um thick at mid-body, marked with 21-22 longitudinal 
ridges which fade out gradually at extremities. In a cross-
section of the moulting f i r s t stage juveniles, the inner 
cut ic le shows 23 ridges while the outer one has 21 longi-
tudinal r idges. Lateral chords are 5-8 un wide and 4 . 5 um 
high at mid-body and there are 5-8 ce l l s in each quadrant 
(F i g . 7D). 
Lip region is s l i gh t l y narrower than the adjoining 
body and is marked o f f by a s l ight depression, 6-9 um wide 
and 3-4.5 um high. Amphids are stirrup-shaped with s l i t -
l i k e apertures, 3 um wide occupying about 1/2 of the 
corresponding body width and located at 3 um from anterior 
end. Functional odontostyle 8-15 um long. Odontophore 
length varies from 11-21 um. Replacement odontostyle 
11-20 um long, enclosed within the walls of odontophore and 
23-S5 um from anterior end. Guiding ring 'double ' , 
situated 5-3 um from anterior end. The nerve ring is 
60-35 um from anterior end encircl ing the anterior slender 
part of oesophagus. The to ta l length of oesophagus varies 
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from 125-250 urn. The expanded part of oesophagus is 29-3^^ 
of the to ta l oesophageal length. Oesophageal gland nuclei 
and their o r i f i c e s are not v i s i b l e . Cardia elongate conoid, 
8-23 urn long, surrounded by intest inal tissues and made up 
of 5-8 c e l l s . Genital primordia 9-21 urn long, 6-12 um wide, 
50-62^ from anterior end of body. Prerectum 30-57 um or 
3 anal body widths long, distinguishable from the intest ine. 
Rectum 8-21 um long. Tai ls long f i l i f o r m , about 4-5 anal 
body widths long. 
Second Stage Juvenile 
( F i g . 8 ) 
Dimensions; Table I 
Descriiption; Body slender, almost straight upon f i xa t i on , 
tapering gradually towards extremities, more poster ior ly . 
Cuticle with f ine transverse str iat ions, 1.5 um thick at 
mid-body and marked with 23-24 longitudinal ridges which 
gradually fade out at the extremit ies. Cross-section of 
mid-body of moulting second stage juvenile shows 25 longi-
tudinal ridges in the inner and 23 in the outer cuticular 
r ing . Lateral chords 5-lo um wide and4 .5 um high at mid-
body. There are 5-8 coelomyarian muscle ce l l s in each 
quadrant and the height of each c e l l is 3-5 um (F i g , 8D), 
Lip region s l i ght ly narrov^er than adjoining body, 
9-12 um wide and 3-5 um high. Amphids stirrup-shaped with 
s l i t - l i k e apertures, 3 um wide ly ing at 3 um from anterior 
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end. Functional odontostyle length varies from 18-26 um. 
Replacement odontostyle 20-30 um long, located far behind 
the odontophore. Guiding ring 'double ' , 9-14 um from 
anterior end. The nerve ring encircl ing the anterior 
slender part of oesophagus at 75-92 um from anterior end of 
body. The t o ta l oesophageal length measures 293-365 um, 
expanded part of oesophagus is 31-45^ of the t o ta l oeso-
phageal length. Oesophageal gland nuclei and their o r i f i c e s 
could not be observed. Cardia elongate, conoid, 18-30 um 
long, surrounded by intest inal tissues, and made up of 
9-12 ce l l s . Genital primordia 15-30 um long and 6-15 um 
wide, Prerectum 60-101 um or 3-4 anal body widths long 
and is distinguishable from the intest ine. Rectum 19-29 um 
long. Ta i l long f i l i f o r m , about 5-7 anal body-widths long. 
Third Stage Juvenile 
( F i g . 9 ) 
.Dimensions: Table I 
Description; Body long and slender, s l i gh t l y curved near 
the middle, tapering gradually towards extremities upon 
f i xa t i on , more poster ior ly . Cuticle with f ine transverse 
s t r ia t ions , 2 um thick at mid-body and marked with 25-26 
longitudinal ridges which gradually fade out at the 
extremit ies. In a cross-section of the third stage 
moulting juvenile, the inner cutic le ring shows 27, and 
the outer one 25 longitudinal r idges. Lateral chords are 
S'-S um high and 1-0-15 um wide. The height of coelomyarian 
muscle c e l l is^8 um, and there are 5-7 ce l l s in each 
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quadrant (F i g . 9E). 
Lip region is s l i gh t l y narrower than the adjoining 
body, marked o f f by a s l ight depression, 12-15 urn wide and 
6-8 iim high. Amphids stirrup-shaped with s l i t - l i k e apertures, 
3-5 um wide, and situated at 3 um from the anterior end. 
The length of functional odontostyle varies from 27-30 im. 
Odontophore length-ranges between 32-38 um. Replacement 
odontostyle is 38-42 um long. Guiding ring 'double ' , ly ing 
15-18 um from anterior end. The nerve ring is situated at 
117-122 um from the anterior end of body, encirc l ing the 
anterior slender part of oesophagus. The to ta l oesophageal 
part of 
length varies from 327-551 um, the expandedy(oesophagus is 
59-68^ of the to ta l oesophageal length. Cardia is elongate 
conoid, 15-33 um long, surrounded by intest ina l tissues and 
is made up of 10-14 c e l l s . Genital primordia are 42-135 um 
long and 11-29 um wide in females and 21-143 um long and 
12-23 um wide in males. Prerectum 77-186 um long in 
females and 116-236 um long in males, eas i l y distinguishable 
from the intest ine. Rectum 23-46 um long. Ta i l long 
f i l i f o r m in both sexes, about 4-5 times anal body width long. 
Fourth Sta^e Juvenile 
( F i g . 10) 
Dimensions: Table I 
Description; Body long and slender, s l i gh t l y curved at mid-
body upon f i xa t ion , tapering gradually towards both extre-
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mities, more poster ior ly . Cuticle with f ine transverse 
s t r ia t ions , 2-3 um thick at mid-body, marked with 27-29 
longitudinal ridges which gradually fade out at extremit ies. 
In a cross-section of the moulting juvenile, the inner 
cut ic le ring possess 32, and the outer one has 29 l ong i -
tudinal r idges. Lateral chords are 8-toum high and 14-Z7 um 
wide. The height of the coelomyarian muscle c e l l is 11 um 
and there are 6-8 ce l l s at mid-body in each quadrant 
( F i g . 10 E). 
Lip region is s l i gh t l y narrower than the adjoining 
body, 15-17 um wide and 6-8 um high, Amphids st irrup-
shaped with s l i t - l i k e apertures, 3-5 um wide, l y ing at 3 um 
from anterior end. Functional odontostyle is 32-41 um long, 
odontophore length varies from 33-44 um, replacement 
odontostyle 38-50 um long. Guiding ring 'double ' , ly ing 
at 17-21 um from anterior end. Nerve ring at 151-192 um 
from anterior end of body, encircl ing the anterior slender 
part of oesophagus. The t o ta l oesophageal length is 
505-631 um, the expanded oesophagus is 4 7 o f t o ta l oeso-
phageal length. Cardia elongate conoid, 21-45 um long, 
surrounded by intest inal tissues and made up of 12-15 c e l l s . 
Genital primordia near mid-body, 38-162 um long and 10-27 um 
wide in females, 63-149 um long and 11-21 um wide in males. 
Prerectum 133-201 um long in females, 209-274 um long in 
males. The prerectum is eas i ly distinguishable from the 
intest ine . Rectum 30-48 um long. Tai ls long f i l i f o r m , 
about 4-5 anal body widths long. 
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Discussion 
The morphological observations on D. stagnalls 
Dujardin, 1845 and their juvenile stages show some in t r a -
spec i f i c variations which may be important fo r the taxonomic 
study of the species of this genus in particular and of the 
re lated genera in general. 
Variations were observed in the t o ta l body length, 
s ize of the spear, position of the. guiding ring, posit ion 
of vulva, length of anterior and posterior gonads, pre-
SC-
rectum and t a i l . Th^ variations and the extent of their 
va r i ab i l i t y is also discussed under morphometric and 
al lometric v a r i ab i l i t y . The female D. stagnalis is larger 
than the male and possesses a larger spear. The odonto-
phore is larger than the odontostyle in both the sexes. 
The adults, from the present population of 
D. stagnalis, possess 32-34 longitudinal ridges on body. 
Only 21-22 longitudinal ridges are present in the f i r s t 
stage, 23-24 in the second, and 25-26 in the third stage 
juven i l ^ The fourth stage juveniles have 27-29 longi-
tudinal ridges on i t s body. The structure of stoma and 
female gonad is on the same pattern as described by 
Coomans (196^,'64) f o r Nygolalmus, Discolaimus, Chrysonema, 
Longidorus, Xl'ohinema and in Actlnolaimus. Roggen ^ a l . 
(1967) suggested that the odontophore is formed by the 
outer cuticular layers of the oesophagus in the species 
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of Xiphinema. In case of D. stagnalis also the odontophore 
seems to have arisen from the outer cuticular layers of the 
oesophagus. 
The male reproductive system of D. stagnalis 
resembles that of Anatonchus amiciae and Longidorus 
macrosoma ( Coomans & Lima 1965, and Aboul-Eid, 196^ with 
s l ight variations in the shape and size of the gonads. 
The anatomical observations on D. stagnalis and 
their juvenile stages show smaller dorsal and ventral hypo-
dermal chords consisting of one or two ce l l s and larger 
l a t e ra l chords made up of 3 or more c e l l s . Each hypodermal 
quadrant has 5-9 ce l l s showing the polymyarian type of c e l l 
arrangement. These ce l l s are of coelomyarian type and form 
the somatic musculature of the nematode. The coelomyarian 
muscle c e l l is made up of 2 parts : i ) nucleated sarco-
plasmic or non-contractile part, i i ) contract i le part 
( c f . Hirumi et a l . . 1971). The s ize , shape and number of 
these ce l l s varies at d i f f e r en t body l e v e l s in the. adults 
as we l l as the juvenile stages. In the anterior region of 
body the number of these ce l l s is fewer (5-6) and they are 
of smaller s ize as compared to those at mid-body which are 
larger , more numerous (5-11) , both in the adultsand 
juveniles of D. stagnalis. 
The juveniles can be distinguished from the adults 
on the basis of their body size and in having two odonto-
sty les (one functional and the other replacement) while 
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the adults have only one odontostyle, i . e . , the functional 
one. The f i r s t stage juveniles can be d i f f e ren t ia ted from 
a l l the other stages on the basis of their small body size 
and due to the posit ion of replacement odontostyle which is 
located anter ior ly . The second, third and fourth stages 
can be d i f f e r en t ia t ed from each other on the basis of the 
lengths of the functional and replacement odontostyles, 
primordia and the number of the germinal ce l l s in the 
primordia. The f i r s t stage has 2 germinal nuclei, second 
has 4-6 while the third and fourth stages have 8-10 and 
20-60 germinal nuclei respect ive ly . 
The shape of the t a i l in both the sexes is f i l i f o r m 
up to the fourth stage juvenile. However, the males exhibit 
sexual dimorphism in the t a i l as i t becomes short and 
conoid just before the f i n a l l y moulting into the adult stage. 
The female possess long f i l i f o r m t a i l s . 
VAft/ABIUTY 
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VARIABILITY 
Variations occur in a l l the morphological characters 
in d i f f e r en t populations and also within a single population 
of a nematode species. In taxonomy, the study of the morpho-
metric and al lometric va r i ab i l i t y is very useful as i t helps' 
in the separation of c losely related species. Considerable 
variations in the various body dimensions were recorded in 
d i f f e r en t species of nematodes (Goodey& Hooper, 1965; 
Baqri & Jairajpuri , 1970; Azmi & Jaira;Jpuri, 1978; Ba ja j & 
Jaira jpuri , 1977; Malik & Jairajpuri , 1 9 ; Rehman et a l . , 
1986), These may be in the shape of l i p region or number 
of l i p annules ( Coomans,/196:^ Baqri & Jairajpuri , 1970), 
t a i l shape of number of t a i l annules (Goodey, 1952; Yuen, 
1965; Baqri & Jairajpuri , 1967 & '70) , al lometric rat ios 
(Brzeski, 1-163; Tarjan, 1964; Bird & Mai, 1957) etc . The 
variations are influenced by the host plants (Goodey, 1952; 
Bird & Mai, 1965; Fisher, 1965; Bird, 1966), s o i l tempera-
ture (Rohde & Jenkins, 1957; Malek & Jenkins, 1964; 
Gysels, 1964), geographical location (Golden Epps,1965; 
Tarjan, 1968 & '69) etc . Clark (1962) and Loof & Mass 
(1972) suggested that the qual i tat ive characters should be 
given equal importance as di f ferences in the body dimensions 
alone are usually not su f f i c i en t fo r distinguishing the 
c lose ly re lated species. 
In the present work observations have been made on 
the adults and the juvenile stages of D. stagnalis for 
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determining the va r i ab i l i t y in their morphometric and 
al lometric characters. 
Material and Methods 
In order to maintain genetic uniformity, a l l 
specimens of JD. stagnalis including i t s juvenile stages 
were co l lected from a single natural population. The 
observations are based on 50 specimens each of the adult, 
male, female and the f i r s t , second, third and fourth stages. 
The juvenile stages were d i f f e rent ia ted from each other 
and the adults on the basis of the length of their functional 
and replacement odontostyles and the number of ce l l s in the 
germinal primordium Yuen, 1965). The various morpho-
metric and allometric characters were subjected to the 
fo l lowing s t a t i s t i c a l tests to determine their relat ionship 
and degree of va r i ab i l i t y , etc . 
rv = Standard deviation x 100 
Mean 
The range of categorization of va r i ab i l i t y is as 
fo l lows: 
Least variable = 0-10^ 
Moderately variable= 10-20^ 
Highly variable = 20^ ? or more 
In the text CV stands for c oe f f i c i en t of v a r i ab i l i t y 
and MSD for mean standard deviation. 
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Morphometric and allometric variations; 
Morphometric and al lometric variations were observed 
in almost a l l the characters of the adults and the juvenile 
stages of D. stagnalis. {Tshlt 12-lU)-
Morphometric Variations 
Body length; The "body length of females varied from 
2.76 mm - 4.66 mm with MSD 3.66 + 0.46 and C7 IS'^. However, 
males were s l i gh t l y smaller in size (2.63-4.41 mm) with 
MSD 3.30 + 0.41 and CV 12^. 
The body length of the f i r s t stage juvenile varied 
from 0.37-0.87 mm with MSD 0.48 + 0.12 while that of the 
second stage juvenile ranged between 0.93-1.49 mm with MSD 
1.24 + 0.14. The body lengths of female and male third 
stage juveniles have MSD 2.07 + 0.32 and MSD 2.33 + 0.32 
and ranged between 1.27 mm - 2.53 mm and 1.08 mm - 2.92 mm 
respect ive ly . The male fourth stage juveniles were compa-
ra t i v e l y longer than the female juveniles measuring 
2.17 mm - 3.19 mm with MSD 2.56 + 0.57 while the female 
juveniles measured from 2.10-2.97 mm with MSD 2.40 + O*^* 
A l l the juvenile stages showed d i f f e r en t degrees of var i -
ations in their body length. The length of the fourth 
stage females was least variable ( CV = 8^) , while the f i r s t 
stage juveniles exhibited a higher degree of va r i ab i l i t y 
( CV 26^). Second stage juveniles and males and females of 
the third stage exhibited moderate degree of variat ion 
( CV 12,^ , 14^ and 15^ respect ive ly ) in their body length. 
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The male fourth stage juveniles also showed a high degree 
of variations (CV 22%) in body length. 
Body width: The body width of females varied from 
72-152 urn with MSD 97 + 24.83 and was highly variable 
CCV 25%), In case of males i t varied from 76-114 um with 
MSD 95 + 12,04 and showed a comparatively lesser degree of 
var iat ion ( CV 13^). 
The body width of the f i r s t stage juveniles exhibit 
highest degree of variat ion ( CV 25%) and ranged between 
15-38 um with MSD 20 + 4.88. In contrast, the second stage 
juveniles showed l eas t variat ion in their body width 
( CV 7i) which ranges between 30-46 um with MSD 39 + 2.58 . 
In the third stage female and male juveniles, the body 
width varied from 38-76 um with MSD 60 + 10.75 and CV 18l 
and 42-76 um with MSD 69 + 7.36 and CV 11^ respect ive ly . 
The body width of female and male fourth stage juveniles 
was comparatively less variable with CV 10"^  and 9% respec-
t i v e l y . In female juveniles the width varied from 57-84 um 
with MSD 70 + 6.76 while in male juveniles i t ranges from 
65-91 um with MSD 73 + 6.39. 
Lip width; The l i p width of females and males varied from 
15-23 um with MSD 1 9 + 1 . 6 9 and 17-21 um with MSD 19.72 + 0.94 
respect ive ly . In males the l i p width is less variable 
(CV 5i) than the females (CV 9^) . 
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The fourth stage female and male juveniles exhibit 
l east variations in their l i p widths ( CV 3i and 2i respec-
t i v e l y ) whereas in female third stage juveniles i t is more 
variable ( CV 1.0'%), F i r s t , second and male third stage 
juveniles showed and l^ o CV respect ively in their 
l i p width. The l i p width varied from 6-9 um with MSB 
7.4 + 0.69 in the f i r s t , 9-12 um with MSD 10.5 + 0.45 in 
the second; 12-15 um with MSD 14 + 1.33 in the third stage 
female juveniles; 11-15 um with MSD 15 + 0.95 in the third 
stage male juveniles; 15-17 um with MSD 15.18 + 0.48 in 
the fourth stage female juveniles and 15-17 um with MSD 
15.06 + 0.29 in the fourth stage male juveniles. 
Lip height; The l i p height is l eas t variable in females 
(CV9^ ) ; males ( CV 6^); f i r s t stage ( CV 10^), fourth stage 
male juveniles (CV9'^) and fourth stage female juveniles 
( CV 10-^). However, in the second stage ( CV 18^), third 
stage female ( CV 19"^ ) and third stage male juveniles 
(CV IS'^) the l i p height is moderately var iable . 
In the adult females and males the l i p height ranged 
from 6-8 um with MSD 7.08 + 0.67 and 6-8 um with MSD 
7.35 + 0.45 respect ive ly . The height of the l i p s of the 
f i r s t and second stage juveniles was 3-5 um with MSD 
3.06 + 0.29 and 3.97 + 0.71 respect ive ly . In third stage 
female juveniles the l i p height varied from 6-8 um with 
MSD 6.21 + 1.16 and in males juveniles from 5-8 um with 
MSD 6.53 + 0.82. The l i p height of the fourth stage female 
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juveniles ranged from 6-8 urn with MSD 6.96 + 0.72 and 
from 6-7.5 um with MSD 7.12 + 0.64 in fourth stage male 
juveniles. 
Guiding ring; The distance of guiding ring from the 
anterior end is var iable. I t s posit ion varied from 
17-32 um and 21-30 um with MSD 24.63 + 3.77 and 23.91 + 1.88 
in adult females and males respect ive ly . 
The posit ion of guiding ring varied from 4.5-9 um 
with MSD 5 + 1.03 in the f i r s t stage, 9-14 um with MSD 
12 + 1.29 in the second stage, 15-18 um with MSD 16.42 + 1.63 
in third stage female, 11-20 um with MSD 16.60 + 1.64 in 
third stage male, 17-21 um with MSD 18.04 + 1.14 in the 
fourth stage females and 17-20 um with MSD IS.IS + 1.08 in 
case of the fourth stage male juveniles. 
In adult females and second stage juveniles the var i -
ation was moderate (CV 15, l l '^) respect ive ly , but in the 
f i r s t stage juveniles the posit ion of guiding ring was 
highly variable ( CV 215?). The adult males, third stage 
(females and males) and fourth stage (Females and males) 
juveniles exhibited least variat ions in this character 
(CV 9^, 10^, 10% and respect ive ly ) . 
Odontostyle lengths 
Functional odontostyle length; The length of odonto sty le 
is a variable character. In females the length of func-
t ional odontostyle varied from 38-53 um with MSD 42.80+3.74 
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and CV The males showed less variations (CV 6^) as the 
length of functional odontostyle varies from 38-47 um with 
MSD 40.6 + 2,47. The functional odontostyle length in the 
f i r s t stage Juvenile measured 8-15 um with MSD 9.6 + 1.72 
and was moderately variable ( CV 18'^). In the second stage 
juveniles the functional odontostyle was 18-26 um long with 
MSD 23 + 2,03 and CY 9i, The third stage female and male 
juveniles exhibited least variations with CV Ai and 3i 
respect ive ly . The odontostyle length ranges from 27-30 um 
with MSD 28.71 + 1.16 in females and 27-30 um with MSD 
29.35 + 1.01 in male juveniles. In fourth stage female 
juveniles the functional odontostyle length varied from 
32-41 um with MSD 34.32 + 2.31 and CV whereas in male 
juveniles i t varies from 32-36 um with MSD 32.25 + 1.22 
and CV 4%, 
Replacement odontostyle length; The length of the replace-
ment odontostyle varies from 11-20 um with MSD 12.45 + 2.25 
and CV IS o^ in the f i r s t , 20-30 um with MSD 29.19 + 1.75 and 
CV in second, 38-42 um with MSD 39.04 + 3.19 and CV 8 i 
in the third stage females, 32-42 um with MSD 39.94 + 3.12 
and CV 8% in third stage males; 38-50 um with MSD 
42.87 + 2.68 and CV 6 i in fourth stage females and 39-45 um 
with MSD 43.43 + 1,70 and CV 4"^  in fourth stage male juve-
n i l es . 
Odontophore length: In females the length of odontophore 
varied from 39 -62 um with MSD 47 + 4.60 and CV 10^ whereas 
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in males from 39-47 um with MSD 43.67 + 2.32 and CV 
In juveniles, the length of odontophore varies from 
11-21 um with MSD 14 + 2.28 and 21-30 m with MSD 2 7 + 1 . 8 3 
in the f i r s t and second stages respect ive ly . In the third 
stage female and male juveniles, the odontophore varied 
from 32-38 um with MSD 33.67 + 2.90 and 27-39 um with MSD 
34,07 + 2.68 respect ive ly . The odontophore length of the 
fourth stage juveniles varied from 33-44 um with MSD 
37.05 + 2.70 in females and from 32-41 um with MSD 34.75+2.27 
in males. 
The length of odoij^phore was least variable in adult 
females ( CV 10'^) and male ( CV 10:^), second stage juveniles 
(CV7^ ) , third stage female ( CV and male juveniles 
( CV 8^) and fourth stage female ( CV 7%) and male juveniles 
( CV 7i), In the f i r s t stage the length of odontophore was 
found to be moderately variable ( CV IQ^), 
Oesophageal length; The length of oesophagus varied from 
635-888 um with MSD 729 + 54.69 and CV S'^  in females. In 
males i t varied from 608-814 um with MSD 695.69 + 46.48 and 
CV 1%, 
The length of oesophagus ranged from 125-250 um with 
MSD 162 + 28.10 and CV 17^ in the f i r s t stage, 293-365 um 
with MSD 339 + 24.53 and CV li in the second stage, 
327-551 um with MSD 501.99 + 55.72 and CV 11^ in the third 
stage female, and 311-600 um with MSD 539 + 50.33 and CV 9"^  
in the third stage male juveniles. In fourth stage juveniles 
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the oesophageal length varies from 505-630 urn with MSD 
539 + 25.23 and CV 5^ in females and from 513-596 urn with 
MSD 568.82 + 22.09 and CV in case of males. 
Bxuanded oesophagus: The expanded part of oesophagus showed 
least var iat ion in the adult females ( CV ^t ) and males 
(CV9^ ) , second stage ( CV 10^), third stage male ( CV 10^), 
fourth stage female ( CV 6^) and male juveniles ( CV 4^) . 
This character varied moderately in third stage female 
juveniles ( CV 12%) but was highly variable in the f i r s t 
stage juveniles ( CV 23!^). The length of expanded oesophagus 
varied from 38-98 um with MSD 56 + 12.86 in the f i r s t stage 
and from 90-165 um with MSD 134 + 12.91 in the second stage 
juveniles. In female and male third stages i t was from 
224-323 um with MSD 248.46 + 43.79 and 135-308 um with MSD 
268.77 + 27.96 respect ive ly . In fourth stage females the 
length of expanded oesophagus varied from 239-269 um with 
MSD 267.4 + 15.49, whereas in male juveniles i t ranged from 
258 -308 um with MSD 278.29 + 11.39. In adult females the 
length of expanded oesophagus ranged from 327-460 um with 
MSD 382 + 34.63, while in males from 326-395 um with MSD 
358 + 21.40. 
Gonad lengths (F i g . 11,12): The anterior and posterior 
gonads are highly variable (CV 23i and 22^ respec t i ve ly ) . 
The length of the anterior gonad ranges from 365-889 um 
with MSD 657 + 150.9 and that of the posterior gonad between 
479-1144 um with MSD 784.25 + 169.6 respect ive ly . 
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Vaginal length; The length of vagina was moderately var i -
able (CV 12i) and ranges from 30-45 um with MSD 36 + 4.34. 
Vulva: The distance of vulva from the anterior end varied 
from 1113-1850 um with MSD 1480 + 155.18 and CV 10"^ . 
Testes (F i g . 13): The length of testes varied from 
1852-2596 um with MSD 2248 + 303.33 and is moderately var i -
able (CV 13^). 
Prerectum length: The length of prerectum is also var iable , 
both in adults and juveniles. In females, i t s length 
varied from 201-418 um with MSD 286 + 42.80 and CV 15^, and 
277-779 um long with MSD 466 + 103.99 and CV 225^  in males. 
In the f i r s t stage juveniles the length of prerectum 
varied from 30-57 um with MSD 37 + 5.95 and CV 16^; In the 
second stage i t varies from 60-101 um with MSD 83 + 11.27 
and CV 141. The third stage female and male juveniles show 
only moderate variations in their prerectal length having 
CV 18^ and 10^ respect ive ly . The length of prerectum 
varied from 77-186 um with MSD 158.54 + 28.37 in female 
and 116-236 with MSD 200.20 + 20.24 in male juveni les. In 
the fourth stage female juveniles i t varied from 133-201 um 
with MSD 174 + 19.10 and between 209-274 um with MSD 
228.89 + 19.26 in male juveniles. The length of prerectum 
is moderately variable in female juveniles ( CV 11^) and 
l eas t in case of fourth stage male juveniles ( CV 8^) . 
Spicules; The spicular length ranges from 78-113 um with 
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MSD 87 + 7.61. I t is a least variable character having 
CV 
Lateral guiding pieces; The length of l a t e ra l guiding 
pieces is also a least variable character ( CV 9'^), These 
are 9-17 um long with MSD 15 + 1.42. 
Supplements; The number of supplements varied from 42-47 
with MSD 45 + 0.83. This is a very constant character 
( CV 2^) as compared to other morphometric characters. 
Anal body width; Like other characters, the anal body 
width is also quite variable. In females i t varied from 
38-57 um with MSD 47 + 6.06 and CV 13^, while in males i t 
is 49-68 um with MSD 55 + 5.92 and CV ll '^. 
The anal body width varied from 11-19 um with MSD 
13 + 2.29, and CV 18^ in the f i r s t stage, 19-23 um with MSD 
20 + 1.74 and CV 9^ in the second stage, 27-38 um with MSD 
31 + 4.55 and CV 14^ in the third stage female, 19-46 um 
with MSD 3 6 + 4 . 5 7 and CV 13^ in the third stage male, 
27-38 um with MSD 36 + 2.48 and CV in the fourth stage 
female and 34-46 um with MSD 37 + 3.58 and CV 10^ in fourth 
stage male juveniles. 
Tai l length (F ig . 13); The length of adult male t a i l is 
f a i r l y constant ( CV 6^), but not in other stages. I t is 
moderately variable in the f i r s t stage ( CV 17^), second 
stage (CV 141), third stage females ( CV 15"^), third stage 
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male ( CV 18^), fourth stage female ( CV 17?^ ) and fourth 
stage male juveniles ( CV 12%), The t a i l length is highly-
variable In adult female ( CV 21^)(Fig. 14). 
In the f i r s t stage juveniles the length of t a i l 
varied from 46-95 um with MSD 61.10 + 10.49 while in case 
of the second stage juveniles i t ranged between 91-152 um 
with MSD 119.43 + 17.22._ Ta i l length of third stage female 
juveniles varied from 106-201 um with MSD 156.7 + 23.30 
and that of male juveniles from 65-198 um with MSD 
159.72 + 28,94. In the fourth stage, the length of the 
t a i l ranged from 76-213 um with MSD 165.77 + 28.59 in the 
female juveniles and 137^213 um with MSD 182.65 + 22.01 in 
the male juveniles, 
ALLOMSTRIC VARIATIONS 
Body length / body width (a ) : The rat io ' a ' in adult 
females varied from 27-45 with MSD 36.68 +4 .09 having 
CV 11^. In males i t showed less variations ( CV 8*^ ) and 
ranged from 31-42 with MSD 35.04 + 2.91. 
The rat io ' a ' was moderately variable in the f i r s t 
stage juveniles, CV 1 1 r a n g i n g from 19-31 with MSD 
24 . 37 + 2.56. In second stage juveniles i t varied from 
26-38 with MSD 32.08 + 3.21 and CV 10^. Both, female and 
male juveniles of the third stage had CV 10^ in this 
al lometric character and 'a ' value ranging between 30-41 
with MSD 35.07 + 3.40 and 26-43 with MSD 33.60 + 3.28 
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respect ive ly . In the fourth stage females and males the 
' a ' value varied from 29-45 and 34-40 with MSD 34.49 + 3,79 
and 36.63 + 2,38 respect ive ly . Female juveniles show 
comparatively higher variations ( CV ll"^) than their males 
( CV l i ) . 
Body length / oesophageal length ih) ( F i g . 15,16): The rat io 
'b ' varied from 3,97-6.18 with MSD 5.01 + 0.4S and CV 10-^  
in adult females. In males i t ranged between 3.78-5.63 
with MSD 4.73 + 0.37 and CV In the f i r s t stage 
juveniles this character varied from 2,6-3.7 with MSD 
2.92 + 0.22 whereas in the second stage from 3.1-4 with 
MSD 3.60 + 0 . 1 9 . The 'b ' value of the third stage female 
and male varied from 3.4-4.75 and 3.4-5.13 with MSD 
4.10 + 0.34, and 4.29 + 0,33 respect ive ly . In female and 
male juveniles of the fourth stage, ' b ' value ranged from 
4.06-5.32 with MSD 4.43 + 0.30 and from 4.03-5.65 with MSD 
4.68 + 0.31 respect ive ly . The 'b ' rat io is least variable 
in a l l stages of D, stagnalis with CV 10^ in adult females 
8;^  in males and f i r s t stage, 5i in second, 8^ in third 
stage female and male juveniles, and 7*^  in male and female 
fourth stage juveniles. 
Body length / t a i l length ( c ) (F i g . 17,18): The ' c ' value 
varied from 12.2-32.76 with MSD 19.41 + 4.31 and CV 22=^  in 
females and 68.32-145,06 with MSD 86.84 + 12.80 and CV 18^ 
in males. 
55 
The ra t io of body and t a i l length varied from 
6.3-10.2 with MSD 7.8 + 0.86 and CV 11^ in the f i r s t stage; 
8.8-11.9 with MSD 10.41 + 0.S6 and CV Sfo in the second 
stage; 10.33-19.74 with MSD 13.53 + 3.21 and CV 24^ in the 
third stage female, 10.9-34.81 with MSD 15.11 + 4 . 2 2 and 
CV 28^ in third stage male; 11.12-17.74 with MSD 
15.46 + 0.76 and CV 5?^  in fourth stage female and from ' 
13-19 with MSD 14.78 + 1.85 and CV 13^ ^ in fourth stage male 
juveniles. 
Ta i l length / anal body diameter ( c ' ) t The c' value of the 
adult females and males ranged from 2.47-6.15 with MSD 
4.15 + 0.80 and 0.5-0.84 with MSD 0.70 + 0.07 respect ive ly . 
In the f i r s t stage juveniles c' varied from 3.5-6.3 with 
MSD 4.72 + 0.60, while in the^econd stage i t ranged from 
3.6-8 with MSD 6.05 + 0.93. The c' rat io ranged between 
2.8-6.6 with MSD 5.07 + 0.94 in females, 3-5.8 with MSD 
4 , 5 + 0 . 7 7 in males of the third stage juveniles. In 
female and male juveniles of the fourth stage i t varied 
from 1.28-6.4 with MSD 4.93 + 0.90 and from 3.25-6.45 with 
MSD 4.93 + 0.79 respect ive ly . The c' v/alues are moderately 
variable in a l l the stages with CV 19^ in adult females, 
11^ in males, 13^ in the f i r s t stage, 15<^  in the second 
stage, ig'^ in the third stage female, 17^ ^ in the third 
stage male, 18'^  in the fourth stage female and IQt in the 
fourth sta^e male juveniles. 
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Body length / functional odontostyle length (Fig,. 20): The 
body length/functional odontostyle length rat io was 
moderately variable in adult males (CV 11^) and females 
(CV 13%) ranging from 71.44-99.79 with MSD 81.35 + 8.78 and 
62.82-106.56 with MSD 16 + 10.88 respect ive ly . 
In the juvenile stages this rat io is moderately 
variable except for the fourth stage female and male 
juveniles in which i t is least variable ( CV lO;^  and 9i 
respec t i ve ly ) . In others CV is 12^ in the f i r s t stage, 
in the second, 18!^  in the third stage female and 13^ 
in the third stage male juveniles. The rat io of body 
length/functional odontostyle length varied from 41,11-64.66 
with MSD 50,21 + 6.02 in the f i r s t stage; 44.71-78,97 with 
MSD 55,11 + 6,08 in the second stage; 47.11-86.07 with MSD 
72.25 + 10,44 in the third stage female, 40-97.56 with MSD 
79,43 + 10.67 in the third stage male; 57.22-86.44 with MSD 
70.29 + 7.37 in fourth stage female and 69.07-101.55 with 
MSD 82,85 + 7,66 in the fourth stage male juveniles. 
Body length / replacement odontostyle length (F i g ,21 ) : This 
rat io ranged between 30,8-48,5 with MSD 38,67 + 4,3 in the 
f i r s t stage; 31,06-57,03 with MSD 42,85 + 5,20 in the 
second stage; 37,89-69,69 with MSD 58,79 + 7,13 in the 
third stage; 42.24-62.61 with MSD 53.01 + 6.06 in the 
third stage female; 50.02-73.54 with MSD 61.47 + 5.21 in 
the fourth stage male and 49-67.92 with MSD 56,11 + 4,22 
in the fourth stage female juveniles. The body length / 
S'7 
replacement odontostyle length rat io was l eas t variable in 
the fourth stage female and male Juvenile as both have 
only 8% var iat ions. In the f i r s t stage CV is ll '^, second 
stage 12i, third stage female 12% and third stage male 
juveniles 11^. 
Body length / odontoiahore length (F i g . 22,23): The rat io 
was only moderately variable in the adult females and 
males having CV 13'^  and 11^ respect ive ly . In females, i t 
varied from 57.79-106.64 with MSD 78.5 + 10.48 whereas in 
males i t ranged from 62.07-94.S with MSD 75.1 + 8.13. In 
the f i r s t and second stages, the body length/odontophore 
length rat io varied from 25.02-48.5 with MSD 33.96 + 5.17 
and CV 15;^  and 37 . 25-55.13 with MSD 46.95 + 4.40 and CV 9i 
respect ive ly . The females and males of the third stage 
juveniles exhibit a moderate degree of variations ( CV 15^ ^ 
and 12,^  r espec t i ve l y ) . In female juveniles i t ranged from 
44.4-80.34 with MSD 61.70 +9 .19 but in males the rat io 
varied between ^0-79,36 with MSD 68.42 + 8.81. In the 
fourth stage female juveniles i t varied from 52.85-78.92 
with MSD 65.09 + 6.42 having CV 10^ while in male juveniles 
i t ranges from 65.93-92.72 with MSD 76.96 + 6.76 and CV 9 i , 
OesoTjhageal length/function odontostyle length (F ig .24,25) : 
This ra t io varied from 13.93-20.26 with MSD 16.87 + 1.54 in 
the f i r s t stage; 13.17-17.43 with MSD 14.97 + 1.04 in the 
second stage juveniles. Both the stages show moderate 
variat ions in this allometric character (CV 9 and 7% 
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respec t i ve l y ) . In the third stage female and male 
Juveniles the rat io varied from to 11^ respect ive ly . 
In the third stage female and male juveniles the rat io 
varied from 9% to 11% respectively and ranged from 
12.12-20 with MSD 17.42 + 1.S3 in female and 11.54-20 with 
MSD 18.35 + 1.70 in male juveniles. The oesophageal length/ 
f i inctional odontostyle raio varied from 13.27-17.84 with 
MSD 15.76 + 1 . 2 0 in fourth stage female and 15.41-18.81 
with MSD 17.65 + 0.89 in fourth stage male juvenile. The 
l a t t e r showed lesser degree of variat ion ( CV 5i) than the 
former ( CV 8'^). In adult males and females this rat io 
ranged from 14.47-20.91 with MSD 17.04 + 1.24 and CV 7% 
and 15.1-19.35 with MSD 17.08 +1.19 and CV 10^ respect ive ly . 
Oesophageal length/replacement odontostyle length (F i g . 26); 
This rat io varied from 11.08-16.28 with MSD 13.05 + 1.25 in 
the f i r s t stage juveniles^ 9.74-12.93 with MSD 11.63 + 0.87 
in the second stage; .10.93-17.49 with MSD 13.49 + 1.11 in 
the third stage male, 10.91-14.40 with MSD 12.80 + 0.87 in 
the third stage female; 11.79-14.71 with MSD 13.11 + 0.77 
in the fourth stage male and 10.92-14.32 with MSD 12.59+0.84 
in the fourth stage female juveniles. In a l l the stages 
oesophageal length/replacement odontostyle length was least 
variable having CV 10;^ , 8^, Bi, 6 i and 7% respect ive ly . 
Replacement odontostyle length/functional odontostyle length 
(F i g . 27): The rat io is quite a re l iab le character because 
i t is consistent and least variable in a l l the juvenile 
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stages. The CV in various stages ranges from 6-85$. This 
rat io varied between 1.14-1.6 with MSD 1.3 + 0.08 in the 
f i r s t stage; 1.08-1.53 with MSD 1.28 +0 .10 in the second; 
1.1-1.47 with MSD 1.34 + 0.09 in the third stage female; 
1.05-1.47 with MSD 1 . 3 6 + 0 . 0 9 in the third stage male; 
1.12-1.42 with MSD 1.34 +0 .08 in the fourth stage male and 
1.04-1.45 with MSD 1.25 + 0.10 in the fourth stage female 
juveniles. 
Odontophore length/functional odontostyle length (F ig .28,29) ; 
The rat io varied from 1.14-l.S with MSD 1.48 + 0.14 and CV 
10^ in the f i r s t stage and 0.1.46 with MSD 1.18 + 0.07 and 
CV in the second stage juveniles. The male and female 
third stage juveniles exhibited least variations in this 
character ( CV 8^ and 7^ respect ive ly ) . Similarly, in fourth 
stage male and female juveniles the variat ion was and 5'^  
respect ive ly . The odontophore/functional odontostyle 
length varied from 0-1.38 with MSD 1.17 + 0.89 and 0-1.27 
with MSD 1.17 + 0.07 in the male and female third stage 
juveniles respect ive ly . In fourth stage male and female 
juveniles i t varied from 0-1.28 with MSD 1.08±0.09 and 
0-1.19 with MSD 1.07 + 0.05 respect ive ly . In adult males 
i t varied from 0-1.24 with MSD 1.1 + 0.12 and CV 11^ 
whereas in females i t ranged from 0-1.34 with MSD 1.1 + 0.08 
and CV 8^. 
Oesophageal length/expanded oesophageal length (F ig .30,31) : 
This rat io varied from 1.59-2.09 with MSD 1.85 + 0.10 in 
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females and 1.78-2.04 with MSD 1.S8 + 0.06 in males with 
CV of and respect ive ly . In f i r s t and second stages, 
i t ranged from 2.38-3.45 with MSD 2.93 + 0.24 and 2.14-3.84 
with MSD 2.45 +0 .29 and CV 8i and 11^ respect ive ly . The 
oesophageal length/expanded oesophageal length rat io varied 
between 1.86-2.30 with MSD 2.0 + 0.09 in male and 1.65-3.07 
with MSD 2.04-+ 0.26 in case of third female juveniles. The 
former show lesser variations (CV Si) than the l a t t e r 
( CV l ^ i ) . The fourth stage male and female Juveniles showed 
l eas t variat ions in this rat io (CV S i and 5^ respec t i ve ly ) . 
This rat io ranged from 1.92-2.13 with MSD 2.0 +0 .16 in 
male and from 1.84-2.16 with MSD 2.0 +0 .09 in female fourth 
stage juveni les. 
Body length/testes length ( F i g . 32): The posit ion of testes 
ranged from 1.32-1.72 with MSD 1.49 + 0.106 and CV l i . 
Body length/vulva posit ion (F ig . 33): The posit ion of vulva 
varied from 1.99-2.86 with MSD 2.46 + 0.16 and CV l i . 
Body length/anterior and posterior gonad length (F i g .34 ) : The 
anterior gonad and posterior gonad values ranged from 
4.41-8.76 with MSD 5.94 + 1.06 and from 3.35-7.79 with MSD 
4.93 + 0.95 and exhibited moderate degree of variat ions 
( CV IS"^, r espec t i ve l y ) . 
Posterior gonad length/anterior gonad length (F ig .35 ) : The 
rat io between the length of the posterior gonad and anterior 
gonad varied from 0.95-1.56 with MSD 1.2 + 0.15. The a l i o -
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metric ra t io exhibits moderate variations ( CV 13'^). 
Total body length/prerectum length (F i g . 36,37): In ad\ilt 
males and females this rangad from 5.22-9.19 with MSD 
7.28 + 1.01 and 8.21-13.48 with MSD 13.02 + 2.21 respec-
t i v e l y . Both sexes exhibited moderate degree of v a r i ab i l i t y 
( CV 14^ and 17%) respect ively . In case of juvenile stages 
the body length/prerectum length exhibited moderate var i -
ations in the f i r s t stage ( CV 14'?S) with values ranging from 
9.85-19.5 and MSD 12.94 + 1.75; second stage ( CV 11"^ ) 
varying from 12.73-19.74 with MSD 15.21 + 1.67; third stage 
male ( CV 11^) with a range of 9.13-15.40 and MSD 11.54 + 1.25, 
third stage female (CV 12^) with a range of 10.17-16.62 and 
MSD 13.37 + 1.55; and fourth stage male juveniles ( CV 8i) 
in which this ranges from 10.04-13.31 with MSD 11.69 + 0.99. 
In fourth stage female juveniles, the var iat ion was 
moderate ( CV 12^) varying from 11.38-16.70 with MSD 
14.04 + 1.73. 
Pre rectum/rectum length (P i g . 38 & 39): This rat io exhibits 
moderate degree of variation in adult males and females 
( CV 18=^  and 15^ respect ive ly ) . I t ranged from 5.84-10.78 
with MSD 7.44 + 1.33 in males and 3.61-6.87 with MSD 
4.87 + 0.73 in females. 
PrerectuVrectum rat io ranged from 2.2-5.0 with MSD 
3.30 + 0.71 and CV 21^ in f i r s t stage juveniles; 2.10-4.66 
with MSD 3.45 + 0.52 and CV 15l in second stage; 4.08-5.97 
MSD 5.06 + 0.48 and CV 10^ in third stage male and 
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3.18-5.66 with MSD 4.26 + 0.57 and CV 14't in third stage 
female juveniles. In fourth stage males i t ranged from 
4.6-6.82 with MSD 5.59 + 0.51 and while in fourth stage 
female juveniles this rat io varied from 3.44-5.75 with MSD 
4.63 + 0.60 and CV 13^. 
Discussion 
The s t a t i s t i c a l analyses of morphometric and 
al lometric characters of the adults and juveniles of 
Dorylaimus stagnalis revealed that the characters vary to 
d i f f e r en t degrees in a l l stages. Wu (1960) in Ditylenchus 
desctructor. Bird & Mai (1967) in Trie ho dor us chr is te i . 
Tarjan (1969) in Xiphinema americanum. Ba ja j & Jairajpuri 
(1977) in Xiphinema bas i r i . Azmi & Jairajpuri (1978) in 
Helicotvlenchus indicus. Malik & Jairajpuri (1983) in 
Xiphinema americanum and Rahman ^ (1986) in Xiphinema 
bras i l l i ense and Xiphinema radic icola found that the 
lengths of odontostyle, odontophore, t a i l , posit ion of 
guiding ring and vulva are l eas t variable and hence are 
re l i ab le characters f o r taxonomic purposes. 
During the present study a l l the above mentioned 
(except t a i l in females) of 
morphometric characters^ • male and female D. stagnalis 
were found to be least variable. In addition, the l i p 
width, l i p height, length of expanded part of oesophagus, 
l a t e ra l guiding pieces, rectum and the number of supplements 
also shov^ed l i t t l e var iat ion. A l l juvenile stages, except 
the f i r s t stage, exhibited low to moderate degree of var i -
ations in almost a l l the morphometric and allometric 
characters. Nearly a l l the characters of the f i r s t stage 
Juvenile exhib i t high degree of var iat ion and hence cannot 
be considered r e l i ab l e . 
The posit ion and length of odontostyle, the replace-
ment odontostyle and odontophore may be used f o r d i f f e r en-
t iat ing juvenile stages as we l l as the size of the primordia 
and the number of primordial ce l ls which were found to be 
l eas t var iable . The lengths of odontostyle, odontophore, 
oesophagus, t a i l e t c . , did not show any corre lat ion with 
the to ta l body length as was also observed by Sturhuan 
(1963) f o r longidorid nematodes / Geraert (1968) f o r 
tylenchid nematodes. Azmi & Jairajpuri (197^ in 
Helicotylenchus indlcus and Malik & Jairajpuri (1983) in 
Xiphinema americanum came to the same conclusion. 
Taylor & Jenkins (1957) demonstrated that deviations 
from the mean values were minimum for vulva posit ion and 
maximum fo r the t a i l length in Pratylenchus sp. In 
Rotyltonchus goodevi b and c values showed wide range 
of variations (Cbomans, 1962). Brzeski (1963) concluded 
that the value a has l i t t l e taxonomic importance, while 
b, c and V are more consistent in Budorylaimus sp, Azmi & 
Jairajpuri (197§J concluded that a, V and G values are 
more or less constant and least variable characters. 
However, Rehman et a l . (1986) found a, b and V rat ios 
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l east and c moderately variable in Xiphinema radic icola 
while a l l rat ios moderately variable in Xiphinema 
brasi l iense. The present studies on D. stagnalis revealed 
that rat io a ( i n males), b, V, T, replacement odontostyle / 
functional odontostyle, oesophagus / odontostyle, 
oesophagus / replacement odontostyle, replacement 
odontostyle / functional odontostyle and oesophagus / 
expanded oesophagus are l eas t variable and consistent 
al lometric characters in the adult and juvenile stages. 
The present population of D. stagnalis showed 
variat ions in most of i t s taxonomic characters as compared 
to those described by Dujardin (1845), Mulvey & Anderson 
(1979), Ahmad & (unpublished) and Khera (1970). The 
females of the present population d i f f e r from those 
described by Dujardin (1845) in having smaller body length, 
and lower a and V values. The males also have a 
shorter body and lower c value. From the population 
described by Mulvey & Anderson (1979) the present specimens 
d i f f e r in having lesser values of almost a l l the characters. 
The present specimens are in conformity, in almost a l l the 
characters, with those described by Ahmad ,^(unpublished) 
from Muttapulum, South India. The Jodhpur popula-
t ion reported by Khera (1970) is shorter and has lesser a, 
b, c and V values than the present one. The population 
described by Khera (1970) from Lucknow is comparatively 
smaller and possesses lower b value than specimens from 
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Aligarh. A l l populations of D. stagnalls which have been 
reported from d i f f e r en t places showed variat ions in one 
or the other characters. This kind of var iat ion ( i n t r a -
spec i f i c ) seems to be a natural phenomenon and may be 
induced by d i f f e r en t factors such as habitat (Goodey, 1552); 
Bird & Mai, 1965; Fisher, 1965), s o i l temperature (Rohde & 
Jenkins, 1957; Malek & Jenkins, 1964) and geographical 
locat ion (Golden & Epps, 1965; Tarjan, 1968, 1969) besides 
other bio t i c and abiot ic factors . Since these populations 
were described from d i f f e r en t habitats ( e . g , paddy f i e l d s , 
bank of ditches and lakes, other aquatic habitats, forests 
and from the stomach of a f i sh ) and l o c a l i t i e s ( e . g . , Canada, 
France, India) these naturally show variations due to 
d i f ferences in their environment (ecophenotypic v a r i a b i l i t y ) . 
developmental biology 
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DEVELOPMENTAL BIOLOGY 
Free l i v i n g nematodes have extensively been used for 
the study of embryonic and post-embryonic development. The 
development of Rhabditis teres, Acrobeles complexus, 
Cvlindrocorpus longistoma. Aerobeloides sp., Chiloplacus 
svmmetricus and Caenorphabditis elegans was studied by 
Chaung (1962); Thomas (1965); Byerly ^ aJ.. (1976); 
Chin (1977); Jairajpuixi & Azmi (1979); Ahmad & Jairajpuri 
(1979); Ehrenstein & Scheirenberg (1980). Among plant 
paras i t ic nematodes, part icular ly the tylenchids, 
Hirschmann (1962), Anderson & Darling (1964), Hechler & 
Taylor (1966), Jairajpuri (1968), Roman & Hirschmann (1969), 
et a l . 
DasgupTa/rr970), Rivas & Roman (1985) used Ditylenchus 
destructor. SeInura sp., Hemicriconemoides chitwoodi, 
Aphelenchus avenae, Ditylenchus tr i formis , Pratylenchus sp. 
Hoplolaimus indicus and Radopholus s imi l is respect ive ly 
for studying the embryonic and post-embryonic development. 
However, studies on the development of dorylaim nematodes 
are comparatively very few and hence the present observa-
tions were made to gain information on the developmental 
biology of jp. stagnalis. 
Radewald & Raski (1962) and Dalmasso & Younes 
(1969, 70) observed the l i f e cycle of Xiphinema index and 
X. medlterraneum and found marked di f ferences in the mode 
of reproduction and in the duration of embryonic and 
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juvenile developments in these species. Fisher (1562) 
studied the biology of Xiphinema index and found that the 
eggs took seven days to hatch. Flegg (1966, 68a & b) 
observed yearly reproduction in some Xiphinema and 
Longidorus species and similar embryonic pattern, requiring 
19-30 days fo r hatching. The biology of Anorcelaimellus sp. 
was studied by Wood (1973) and here also hatching took place 
a f t e r 230-250 hrs. Jairajpuri & Baja j (1978) made observa-
tions on the biology of Xiphinema bas i r i and insigne 
and concluded that the former reproduces twice a year and 
the l a t t e r only once. Some aspects^^iology of Labronema 
vulva pap 111a turn were studied by Groo taert & Small (1982) 
who found that the generation time varied from 27-126 days. 
Malik & Jairajpuri (198:^s tudied the embryonic development 
of Xiphinema americanum and concluded that i t required 
4-5 days f o r hatching. P i l l a i & Taylor (1967) and Plegg 
(1969) determined the e f f e c t of d i f f e ren t temperatures on 
the embryonic development and hatching in Aphelenchus 
avenae, Neotylenchus l i n f o rd i (now Paurodontoides l i n f o r d i ) , 
ParapheInchus acontoides. Pitylenchus sp. and Xiphinema 
diversicaudaturn. 
The study of the development of odontostyle, which 
is replaced at each moulting, and gonads as we l l as other 
organs provide re l iab le information that are quite useful ' 
in separating d i f f e r en t juvenile stages and the a d u l t 
gRaski, 1962, van Gundy, 1958; Yuksel, I960; Chuang, 1962; 
6S 
Coomans & Lima, 1965; Yuen, 1965; Hirschmann & Triantaphyllou, 
1967; Roman & Hirschmann, 1969; D a s g u p t a ^ ^ . , 1970; Chin, 
1977 e t c . ) . Mulvey (196]^' studied the development of buccal 
cavity and t a i l of adults and juvenile stages of Anatonchus 
tridentatus. Grootaert & Maertens (1976) observed the 
formation of buccal cavity and moulting in Mononchus 
aquatlens. The formation ancj development of odontostyle 
in species of Chrysonema^ Piscolaimus. Eudorylaimus. 
LongidoruSy Xiphinema, Nygolaimus. Aporcelaimus, 
Aporcelaimellus, Lab rone ma was studied by Coomans (1963), 
o-
Coomans & de Coninck ( 196^ ; Coomans & van der Heiden (1971); 
and Grootaert & Coomans (1980). 
In the present work an attempt has been made to 
study the developmental biology of D. stagnalis including 
i t embryonic and post-embryonic development. In the latter^ 
special attention has been paid to the formation of 
odontostyle and the development of gonads and male t a i l . 
The e f f e c t of temperature on embryonic development was also 
studied. 
Materials and Methods 
a) Embryonic development; Embryonic development was 
observed in cavity s l ides . To obtain fresh eggs, gravid , 
females were transferred to small cavity blocks containing 
water-agar. Eggs were l a id between 24-48 hrs a f t e r 
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transfer . The eggs were picked up and placed in the cavity 
s l ide containing water agar and a coversl ip was placed 
gently over i t so as to prevent desiccation of eggs. These 
s l ides were observed under the microscope fo r studying the 
pattern of c e l l d iv is ion, 
b) E f f ec t of temperature on embryonic development; To deter-
mine the e f f e c t of temperature on embryonic development 
gravid females were placed in d i s t i l l e d water in large 
sized cavity blocks f o r egg laying. The eggs were trans-
ferred to small cavity blocks containing water-agar. 
Five eggs were placed in each block and 10 eggs were used 
f o r each temperature. These blocks were put in BOD 
chambers at d i f f e r en t temperatures (5, 10, 15, 20, 25, 30, 
35 and 40°C). Observations were started a f t e r 24 hrs, 
three times a day. At lower temperatures (5-10°C) observa-
tions continued up to 10 days. 
c) Post-embryonic development; The moulting and inter-
moulting juvenile stages were col lected d i rec t ly from the 
so i l , f i xed and dehydrated by slow method. Observations 
were made on these stages f o r tracing the development of 
odontostyle and the gonads. For the l a t t e r l i v e starved 
juveniles were stained in l'^ lacto-aceto-orcein. 
Embryogenesis 
Each sexual branch of the gravid female possesses 
10-19 oocytes at one time but generally not more than four 
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mature eggs are present in the titerus. The eggs are smooth 
elongate-oval, measuring 71-95 x 33-45 urn (82 x 39 um) 
( F i g . 40A). They are dark brown in colour, densely granu-
lated, and covered with three dist inct layers , the external 
layer formed by the uterine wall , the chitinous layer or 
the true egg shel l secreted \>7 the egg i t s e l f and a 
v i t e l l i n e membrane formed in the oviduct. 15-24 hrs a f t e r 
egg laying, the s ing le -ce l l ed egg divides into two equal 
bastomeres by a d iv is ion perpendicular to the longitudinal 
axis of the egg ( F i g . 40B), the cytoplasm of the newly 
formed ce l l s reorganizing i t s e l f and thereby making the 
spherical nuclei more c lear ly v i s ib l e . 16 min la ter , the 
anterior c e l l divides into two blastomeres forming the 
three-cel led stage. 10 min a f t e r the second div is ion, the 
posterior c e l l also divides into 2 and thus 4 ident ical 
blastomeres with conspicuous nuclei are formed (F i g . 40C). 
or oh^!^-
In both cases the plane of div is ion being paral le l/to the 
longitudinal axis of the egg. A f ter another 25 min the two 
anterior ce l l s divide and give r ise to four ce l l s which 
are ident ical in shape and s i ze . The plane of this 
d iv is ion is perpendicular to the longitudinal axis . The 
result ing s i x -ce l l ed egg consists of four small anterior 
and two large posterior ce l l s (F ig . 40D). 40 min la ter 
the two larger ce l l s also divide to form an 8-ce l l ed 
stage (F i g . 40S). A l l the 8 ce l ls are almost equal in 
s i ze . A f ter another 45 min, the 8-ce l led stage transforms 
into the 12-celled stage s t i l l having a l l the ce l l s of 
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approximately same size ( F i g . 40F). The 12-cel led stage 
divides and produces the 16-celled stage within about an 
hr (F ig . 40G). Within the next 2 hr the 16-cel ls divide 
to form the 32-cel led stage (F ig . 40H). Afterwards, the 
ce l l s multiply rather rapidly and i t becomes d i f f i c u l t to 
fo l l ow the sequence and plane of c e l l d iv is ion. 40-90 min 
la ter , due to continued c e l l divisions, the bias tula is 
formed ( F i g . 401). The ce l l s of blastula are d i f f i c u l t to 
be d i f f e r en t ia t ed from each other. 75-90 min a f t e r the 
formation of blastula stage, the gastrula stage is formed. 
The gastrula forming ce l l s are d i f f e rent ia ted into two 
types (F i g . 40J): i ) the ce l l s of the outer layer which 
are cuboidal, and i i ) the anterior and posterior ce l l s of 
the inner mass forming the hyaline and granular portions 
respect ive ly . The ce l l s of the anterior region of the 
inner mass are large, and this region is comparatively 
broader than the posterior one. The anterior region forms 
the future stomodeum ( feeding apparatus + oesophagus) while 
the posterior region with smaller ce l l s forms the intestine 
and t a i l . The gastrula stage transforms into the lima -
bean stage a f t e r 105 min by a s l ight invagination in the 
middle of- the developing embryo (F i g . 40K). A f ter another 
75 min, the lima -bean stage is transformed into the 
comma -stage (F ig . 40L). The tadpole stage appears 
35 min la ter as a result of the formation of a deep invagi-
nation (F i g . 40M). The mouth as a depression was formed 
at the broader or the anterior end of the developing 
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embryo in the la te tadpole stage. About 160 mln a f t e r 
the formation of the ora l depression, gradual and inter-
mittent movements begin in anterior region of the embryo. 
The movement i s very slow during the f i r s t 15 min, but 
becomes quite vigorous 45 min l a t t e r involving the entire 
anterior region. The developing embryo gradually increases 
in length and becomes 2- fo ld within the next 25 min (Fig .40,0) 
and 3- fo ld in another 160 min. The movement within the 
egg continues during the entire process of elongation of 
the embryo. The d i f f e rent regions of body, l i ke oesophagus 
and intestine make f a in t appearance a f t e r the 3 - fo ld 
Juvenile stage is reached. About 150 min l a t t e r , the t ip 
of the functional odon to style appears. The c e l l which 
secretes the odontostyle is not quite v i s ib l e due to heavy 
granulation and continuous movement. F i rs t the t ip of the 
( funct ional ) odontostyle is formed and then i t grows 
further poster ior ly . Near the middle of the odontostyle 
two re f rac t i ve dots appear on the two sides of odontostyle 
and form the future guiding ring. The complete guiding 
ring appears about 4 hrs a f t e r odontostyle tip formation. 
The lumen of intestine i s also formed at this point of 
time. A f ter the formation of the ( funct ional ) odontostyle 
which took about 5 hrs, the formation of replacement 
odontostyle star-^ and the walls of the odontophore come 
into existence. The movement of the embryo becomes very 
slow a f t e r the formation of the functional and replacement 
odontostyles, oesophagus, intestine, e tc . This decrease 
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in the movement is an indication that the juvenile is now-
ready to hatch. Some secretions on the t ip of odontostyle 
of the now f t i l l y formed, juvenile are seen . 
Hatching ( F i g . 40P): The juveniles hatch out of the eggs 
approximately 6 hr a f t e r the formation of their body organs. 
The to ta l duration taken by a juvenile from the s ing le-
ce l led stage to hatching varies from 30-59 hr. The egg 
she l l becomes thin and f l e x i b l e , increases in width, and 
forms a b l i s t e r - l i k e structure at the anterior region of 
the juvenile. Af ter the formation of the b l i s t e r , 
continuous ac t i v i t y of juvenile ruptures the egg membrane. 
The hatching of f i r s t stage juvenile takes place by l i f t i n g 
of the outer egg shel l membrane a f t e r i t has been ruptured. 
E f f ec t of temperature on the embryonic develoTPment (F ig .41 ) : 
D i f f e rent temperatures a f f e c t rate of hatching and the 
t o ta l duration of embryonic development. Maximum hatching 
was recorded at 25 , 30 and 35®C. At these temperatures, 
70-80'i^ hatching was recorded. However, the duration of 
embryonic development was more at 25°C (86 hrs) than at 
30°C (54 hrs) or at 35°C (44 hrs). Least number of eggs 
hatched at 15°C (40^), 20°C (60^) and 40°C (50^) whereas 
a l l the eggs remained s ing le-ce l led at 5 and 10°C and no 
hatching was observed up to a period of 10 days. Maximum 
time required fo r hatching was 144 hrs at 15°c and minimum 
time was 24 hrs at 40°C, 
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Post-Embryonic Development 
The post-embryonic development of D. stagnalis was 
studied with particular emphasis on the development of 
odontostyle, oesophagus, cardia, gonads and t a i l . 
a) Development of odontostyle (F ig . 42) : The odontostyle 
develops from the odontostyle forming ce l l present in the 
submedian wal l of the anterior slender part of oesophagus. 
The posit ion of the c e l l varies in d i f f e r en t juvenile 
stages but is usually present just above the nerve r ing. 
The c e l l is flask-shaped, made up of two parts, the basal 
rounded portion has a large nucleus and l i e s deep inCside 
the oesophageal t issue. The c e l l nucleus (F i g . 42) 
resembles the nuclei of the oesophageal glands in general 
appearance. The upper part of odontostyle forming c e l l 
has an anterior elongate neck which is not eas i l y v i s ib l e 
except at i t s anterior most part from where the t ip of the 
odontostyle or ig inates. The nucleus of the c e l l becomes 
very conspicuous during the odontostyle development and at the 
time of moulting but as soon as the odontostyle is completely 
formed, i t becomes small and fa in t again. The cuticular 
material that builds up the odontostyle is synthesized in 
the c e l l . The t ip of the replacement odontostyle appears 
f i r s t close to the posterior region of odontophore and is 
covered with an amorphous mass. A f ter the t ip formation, 
the basal forked part of the odontostyle is formed. This 
newly formed odontostyle is conspicuously larger and wider^ 
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l ess opaque and with a d i s t inc t lumen. I t increases in 
length by growing pos te r i o r l y . During the odontostyle 
formation, the structure of the oesophagus i s par t l y obscured 
due to the accumulation of granules in the surrounding pseudo-
coelom. Just p r i o r to the mculting, sometimes the second 
and third stage juveni les may possess three f u l l y formed 
odontostyle (one funct ional , the second replacement or secondry 
and the third one the t e r t i a r y odontostyle. Often odonto-
s ty l e (two f u l l y formed and the other p a r t i a l l y formed) may 
be observed during moulting. In general, however, only two 
odontostyle are present a t the time of each moulting. As 
the moulting process i s i n i t i a t e d , the funct ional odonto-
s t y l e migrates anter io r l y and the replacement odontostyle 
turns on i t s axis sh i f t ing forward to occupy the pos i t ion 
adjacent to the funct ional odontostyle. The lumen of the 
odontostyle i s connected to the l in ing of the oesophagus and 
the lumen of the replacement odontostyle (now funct ional ) i s 
f i l l e d with globules ( F i g . 42, B, F ) . The sh i f t ing process of 
the replacement odontostyle i s very rapid and hence i t was 
d i f f i c u l t to study. Soon upon f i x a t i on of replacement odonto-
s t y l e (now funct ional odontostyle) at the proper pos i t ion , the 
guiding r ing appears around i t . The moulting s tar ts with the 
separation of old cut ic le from the new one which i s 
secreted by the hjrpodermal c e l l s . The shedding of the 
cu t i v l e was evident f i r s t in the anter ior reg ion of the body 
and then in the poster ior region. A l l the cuticular 
structures l i k e the l in ing of the l ab ia l pap i l l a e , amphids. 
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guiding ring, odontostyle, lumen of oesophagus and rectum 
e t c . , remain attached to the old cut ic le . The juveniles 
become very active towards the end of each moulting. Due 
to increased ac t i v i t y and the pressure of the growing body 
of the juveniles the old cuticle ult imately ruptures some-
where between the l i p region and the zone of body corres-
ponding to the anterior part of oesophagus and leads to 
escape of the juvenile. The fourth or f i n a l moult d i f f e r s 
from a l l the other moulting stages due to the absence of a 
new replacement odontostyle. However, a small t ip cal led 
the 'mucro' representing the tip of replacement odontostyle 
is sometimes observed in the late fourth stage juveniles. 
b) Development of oesoohaprust Along with the shedding of 
odontostyle during moulting, the lumen of oesophagus is 
also cast o f f . The shed oesophageal l ining can be seen 
along with that of the odontostyle in the moulted cut ic le . 
At the time of moulting the structure of oesophagus is 
partly obscured due to accumulation of granules. 
c) Development of cardia (F i g . 7-10): The oesophago-
intest inal junction or cardia is an elongated cone-like 
structure. The cone_shaped structure is made up of c e l l s 
cal led cardiac c e l l s . V/ith the formation of odontostyle 
and other body parts, a new cardia is formed at each 
moulting stage by the multipl ication of cardiac c e l l s . 
These ce l l s aD^ear dark UDon staining. The d i f f e r en t 
juvenile stages have d i f f e rent numbers of cardiac c e l l s . 
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The f i r s t and second stage juveniles have 5-8 and 9-12 
ce l l s ( F i g . 7,8C) respect ively while the third and fourth 
stages have 11-14 and 13-16 ce l l s ( F i g . 9, lOD) respect ive ly . 
d) PeveloTJment of gonads; 
F i rs t stage .juveniles ( F i g . 43A): The f i r s t stage 
juveniles possess a small oval primordium measuring 
9-21 X 6-12 urn and ly ing at about 50-62^^ from the anterior 
end of body. The primordium consists of 2 large central ly 
placed germinal nuclei and 4-6 small somatic nuclei 
including the two cap nuclei which are placed at the 
anterior and posterior tips of the primordium. The two 
types of nuclei (germinal and somatic) can be d i f f e r en t ia t ed 
from each other by their size and the intensity upon 
staining. The germinal nuclei appear coarse and granular 
taking up l i gh t stain while the somatic nuclei are dark 
upon staining. A rov; of ventral chord nuclei runs along 
the body wal l on the ventral side. The number of these 
nuclei varies from 14-35 from the base of oesophagus to 
the middle of the primordium. During f i r s t moulting the 
germinal and somatic nuclei multiply as the primordium and 
body lengths increases. The time taken from hatching to 
the completion of the f i r s t moulting varies from 17-22 days. 
Second stage .juveniles (F i g . 43B): The germinal primordium 
of the second stage juveniles is 15-30 um long consisting 
of 4-6 germinal and 8-14 somatic nuclei which are scattered. 
The cap nuclei do not divide furthsr during the gonad 
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development. There are 40-75 ventral chord nuclei arranged 
in a single row between the base of oesophagus and middle 
of germinal primordium. During second moulting the germinal 
and somatic nuclei multiply and the primordium grows 
anter ior ly as we l l as poster ior ly . Sexes cannot be 
d i f f e r en t i a t ed at this stage. The second stage juvenile 
transforms into the third stage in 24-28 days. 
Third stage .juveniles (F i g . 43C,44A): The sexes can easi ly 
be d i f f e ren t ia ted at the third juvenile stage. The 
primordium increases equally in the anterior and posterior 
direct ions. There is^a s l ight di f ference in the length of 
male and female primordia which measured 21-143 um and 
42-135 um respect ive ly and possess 8-12 germinal and 20-45 
somatic nuclei . The somatic nuclei are distributed in the 
anterior and posterior arms of the primordium. However, 
the aggregation of germinal nuclei was observed in the 
middle of each arm. The number of ventral chord nuclei 
varies from 170-190 between the base of oesophagus and 
middle of the primordium. 
The juveniles which are to develop into females 
have 2-4 oval special ized ventral chord nuclei which are 
possibly derived from the ventral chord nuclei ( F i g . 43C). 
The special ized ventral chord nuclei are present in the 
third stage juveniles near the middle of the primordium 
along with the ventral chord nuclei. These special ized 
ventral chord nuclei appear dark upon staining and d i f f e r 
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from the ventral chord nuclei in their shape. In the la te 
third stage, the middle part of the primordium bulges out 
s l i ght l y to form a ' cone ' - l ike structure (F i g . 43E) 
representing the future vagina and vulva. This 'cone' 
becomes more prominent at the time of moulting. The 
juveniles which are destined to become males have a small 
compact mass of dark stained nuclei in the anal region 
below the rectum (F i g . 44D). This compact mass is the 
spicular primordium which forms th6 spicules and the l a t e ra l 
guiding pieces. In the third stage male during moulting 
a backwardly directed tube appears in the middle of the 
genital primordium which forms the future vas deferens and 
ejaculatory duct in the adults (F i g . 44B), The time 
interval between the completion of the second and third 
moulting varies from 30-35 days. 
Fourth stage .juveniles; 
The fourth stag^e female and male juveniles have been 
described separately as these can be d i f f e ren t ia ted eas i ly 
soon a f t e r the third moulting. 
Female (F i g . 43F); The primordial length increases 
with the increase in body. The number of germinal and 
somatic nuclei also increases by repeated mult ipl icat ion. 
The number of germinal nuclei varies from 20-60. The 
somatic nuclei are d i f f i c u l t to be counted because of 
their very large numbers and over-lapping arrangement. 
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The germinal and somatic nuclei are arranged irregular ly 
in the anterior and posterior arms of the developing gonad. 
Few somatic nuclei are also arranged on both the sides of 
anterior and posterior arm along the wall of the developing 
gonad. The somatic nuclei form the ep i the l i a l covering of 
the gonad. In the early fourth stage, the 'cone' which 
was formed during the third stage becomes very prominent. 
The number of special ized ventral chord nuclei increases 
to 14-20 and they arrange themselves around this cone. 
Late fourth stage females exhibit considerable elongation 
in the anterior and posterior arms of the developing gonads. 
The special ized ventral chord nuclei, ranging between 
21-30, arrange themselves in a circular manner around the 
cone and make the vagina and vulva. During the fourth 
moulting, the anterior and posterior ends of the developing 
gonads become re f lexed to form the ovaries of the adult 
females ( F i g . 43G). With the completion of moulting, the 
cuticular l in ing of the vagina and vulva are formed 
(F ig . 43H-J). The d i f f e rent ia t i on of the various parts 
of the gonads takes place leading to the formation of 
ovaries, oviducts and uter i . The f i na l moulting takes 
place 46-52 days a f t e r the third moulting. 
Males (F i g . 44C, F & G): In the fourth stage male 
juveniles the development of gonads is fas te r than that 
of the females. Anterior and posterior arms of the 
developing gonad f i r s t become enlarged. The number of 
germinal nuclei varies from 18-61. SomaCtic nuclei are 
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d i f f i c u l t to be counted due to their large numbers and over-
lapping arrangement. The germinal and somatic nuclei are 
arranged rather irregular ly in the anterior and posterior 
arms of the gonad. Some somatic nuclei are also arranged 
along the body wal l of the two arms of the developing 
gonad as in the females and form the ep i the l i a l covering 
of the testes in the adult stage. The bacfcwardly directed 
tube, known as gonoduct, arises from the middle of the 
primordium and increases in size as the anterior and 
posterior arms of the developing gonads elongate. The 
somatic nuclei are arranged alternately along the walls 
of the gonoduct. The anterior part of gonoduct forms the 
vas deferens while the posterior part fo^^^eJaculatory duct 
which joins the cloacal chamber just before the las t 
moulting. During the early stages of moulting the spicular 
primordium becomes more compact and the spicules f i r s t make 
their appearance as f a in t hyaline refractory l ines . They 
gradually get thickened and become larger than those of 
the adult. Towards the completion of the "fouvwv- moulting 
the l a t e ra l guiding pieces and the copulatory muscles are 
formed while development of the spicules continues. This 
is fol lowed by the development of ventromedian supplements 
( g en i ta l pap i l l ae ) . Many rows of darlcly stained nuclei 
are arranged on the ventral side of the body between the 
cloaca and the intestine prerectum junction ( F i g . 44E). 
These nuclei supposely give rise to copulatory muscles and 
also the ventromedian supplements. 
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During moulting the gonoduct joins the cloacal 
chamber poster ior ly . This chamber appears as hyaline 
area. When the moulting is over the various organs l i ke 
testes, vas deferens, ejaculatory duct and cloaca are we l l 
d i f f e rent ia ted and eas i ly distinguishable. The spicules 
get shortened as we l l as hardened to assume their normal 
shape and size as in the adults. The male fourth stage 
juveniles moult f i n a l l y into the adults 40-45 days a f t e r 
the third moulting. 
e ) Development of t a i l in males ( F i g . 45) : The adult 
males have a short conoid t a i l s as compared to the females 
which have long f i l i f o r m t a i l s . The male juveniles of the 
third and fourth stages also have f i l i f o r m t a i l s much l ike 
that of the females. The development of male t a i l starts 
rather l a t e during the third stage of male juvenile. At 
the time of fourth or the last moulting, when the old 
cutic le of t a i l is getting separated, a new short and 
conoid t a i l is formed. The old elongated juvenile t a i l 
is detached from the newly formed conoid adult male t a i l 
( F i g . 45 H). 
Discussion 
The embryonic development of Dorylaimus stagnalis 
is on the same pattern as those of XiT)hinema spp. 
a>b 
(F legg, 196^, Aporcelalmellus sp. (Wood, 1973), Xiphinema 
bas i r i . X. insi^ne (Ja i ra jpur i '& Bajaj , 1978), 
.S3 
X. amerlcanum (Malik & Jairaj'puri, 1983) except f o r the 
d i f ferences in the arrangement of biastome res a f t e r the 
second cleavage. 
The hatching in D. stagnalis took place 45-83 hrs 
a f t e r the egg lay ing. This is the minimiim hatching time 
f o r a dorylaim nematode reported so f a r . Aporcelaimellns sp, 
hatched in 230-250 hrs (Wood, 1973)} Xiphinema spp. took 
a/b 
19-30 days to hatch (Flegg, 196^, Xiphinema bas i r i 
required 7 days to come out (Jk i ra jpur i & Ba ja j , 1978), 
while Xiphinema americamim took 100-120 hrs (Malik & 
Jairajpuri , 1983). Di f ferent temperatures a f f ec ted the 
embryonic development of nematodes. As the temperature 
increased to a certain l im i t the hatching time decreased 
P i l l a i & Taylor (1967) and Flegg (1969). In D. stagnalis 
15°C was the lowest and 40°C was the highest temperature 
at which hatching occurred a f t e r 144 hrs and 24 hrs 
respect ive ly . Moderate temperatures for hatching ranged 
between 20° - 35°C). 
Observations on the juvenile stages show that the 
odontostyle or ig inate from an elongated flask-shaped c e l l 
that was present in the l e f t submedian wal l of the anterior 
slender part of oesophagus. The posit ion of c e l l in the 
d i f f e r en t juvenile stages. The odontostyle forming c e l l 
was very prominent when the development of the odontostyle 
was in progress but afterwards became inconspicuous; This 
confirmed the suggestion of Coomans & de Coninck (1963) 
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that the c e l l is an ectodermal gland. The odontostyle 
forming c e l l contains wel l developed rough endoplasmic 
reticulum. This material is shi f ted to the anterior or 
the neck region of the c e l l where i t provides material 
f o r the formation of odontostyle. (Grootaert & Coomans,1980) 
As described by Coomans and van der Heiden (1971) the new 
f u l l y formed replacement odontostyle turned around i t s 
axis during the forward shi f t ing process which was so rapid 
that the exact mechanism could not be observed. In some 
specimens of the fourth stage, a t ip or mucro representing 
the replacement odontostyle v/as observed. This could be 
the result of over secretion of the odontostyle forming 
c e l l . Coomans & de Coninck (1963) also observed similar 
' t i p ' formation in the species of Xiphinema. Longidorus. 
Actinglaimus and Piscolaimus and suggested that this t ip 
appeared due to the hormonal action of the developing 
gonads. The cardia in D. stagnalis is formed by the 
cardiac ce l l s as was observed in the ;juveniles, but these 
ce l l s disappear in the adults. 
The primordium of the f i r s t stage juvenile is oval 
with 2 germinal and 4-6 somatic nuclei . With the increase 
in the body and primordial length, the number of germinal 
and somatic nuclei also increased by mult ipl icat ion. The 
nur.ber of ventral chord nuclei between the base of 
oesophagus and up to the middle of the primordium also 
increased with increasing body length. The sexes could 
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be d i f f e r en t i a t ed at the third stage due to the presence 
of special ized ventral chord nuclei which are derived 
r 
from the ventral chord nuclei (Hirschmann, 1962) in the 
females and spicular primordia in the males. The third and 
fourth Juvenile istages could not be d i f f e r en t ia t ed on the 
basis of primordial lengths as these overlap in i t . 
The fourth stage juveniles mature sexually ea r l i e r 
than the females as was also observed by Coomans & Lima 
(1965) in Anatonchus ameciae, and Ahmad & Jairajpuri (1982) 
in Parahadronchus shaki l l . As the stages advanced the time 
period f o r moulting of each stage also increased. 17-22 days 
are required f o r the completion of f i r s t moult, 24-28 days 
f o r the second and 30-36 days for the third. The fourth 
stage male required 40-45 days while the fourth stage 
female took 46-52 days for the completion of f i na l moult. 
The to ta l generation time in D. stagnalis from the f i r s t 
stage to the adult varied from 111-131 days f o r males and 
117-138 days f o r females. Labronema ferox and Labronema 
thornei took 3-4 months and 5-6 months to complete their 
l i f e - c y c l e s (Fe r r i s , 1968), while Labronema vulvapap i l i a turn 
required 27-126 days f o r their development (Grootaert & 
Small, 1982). The l i f e - c y c l e of Aporcelaimellus sp. were 
completed in 75-114 days as was observed by Wood (1973). 
effect of chemicals 
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EFFECT OF CHE^ I^CALS ON D. STAGNALIS 
The e f f e c t of various chemicals on the ac t i v i t y 
and survival of d i f f e r en t nematodes has been observed by-
many workers (Fenwick, 1957; Goring, 1957; Moje, 1959; 
Moje & Thompson, 1963; Bird & McGuire, 1966; Vassallo, 
1967; M a r k s - e t ^ . 1 9 6 8 ; Esser, 1972; Keeth, 1974; 
Prot, 1979). Soroczon (1969) and Pitcher & McNamara 
(1972) observed that low concentrations of mineral salts 
were not toxic f o r Rhabditis sp., but low concentrations of 
s i l v e r and cupric ions were toxic to Pratylenchus penetrans 
and Xiohinema diversicaudatum, Aphelenchoides ritzemabosi 
was not a f f e c t ed by e i ther . Stephenson (1945), Johnston 
(1959) and Banage & Visser (1965), while observing the 
tox i c i t y of acids on Rhabditis t e r res t i s . Tylenchorhynchus 
martini and Dorylaimus sp. concluded that acids with high 
molecular weights were more toxic to nematodes. The 
cA 
undissociated acid molecules were suppos^y the chief 
toxic factors (Banage & Visser, 1965). The hydrogen ion 
concentrations also a f fec ted the behaviour of nematodes, 
d i rec t ly or ind i rec t ly , (Loewenberg ^ aJ.., 1960; 
Johnston & Vig l ierchio , 1961). Hus a in & Masood (1974) 
observed the e f f e c t of organic chemicals on Helicotylenchus 
sp., whereas Jairajpuri ^ aJL. (1974) determined the 
e f f e c t s of d i f f e r en t concentrations of pH and mineral 
salts on the survival of Honlolaimus indicus, Xiphinema 
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bas i r l , HellcotylenchTis indlciis and Mylonchulus minor. 
They ( I . e . ) found copper sulphate to be the most toxic of 
a l l the salts that were tested, Soroczon (1969) determined 
the surival rate of Rbahditis sp. under d i f f e r en t concen-
trations of pH and mineral salts and suggested that lower 
concentrations of mineral sal ts and pH range of 7.5-8.8 
vrere most suitable f o r the nematodes. The e f f e c t of pH, 
mineral salts and f a t t y acids on the predatory nematodes, 
Parahadronchus shakil i was observed by Ahmad & Jairajpuri 
(1982) while that of the plant parasit ic nematode 
XiDhinema americanum by Malik & Jairajpuri (1984). 
Bilgrami & Jairajpuri ( 1 9 8 ^ and Bilgrami ^ aa. ( 1 9 8 ^ 
while observing the e f f e c t of mineral sa l ts , pH and a 
nematicide on the a c i t i v i t y of Mononchus aquaticus and 
Hirschamanniella oryzae concluded that the ac t i v i t y was 
a f f e c t ed by salts of higher molecular weights. 
In the present work the e f f e c t s of d i f f e r en t concen-
trations of potassium chloride, potassium iodide, sodium 
chloride, ammonia, urea and 5 concentrations of the 
nematicides Furadon (3-G) and Temik^were observed on the 
survival and ac t i v i t y of B. stagnalis adult and juvenile 
stages. 
Material and Methods 
The adult and juvenile staeies of D. stagnalis were 
washed repeatedly with tap water before the experiments. 
The concentrations, v i z . , 0.1, 0.2, 0.4, 0.6, 0.8, 
0.01, 0.02, 0.04, 0.06 and 0.08 M of potassium chloride, 
sodium chloride, potassium iodide, ammonia and urea were 
prepared. Similarly, f i v e concentrations v i z . , 1, 10, 100, 
1,000 and 10,000 ppm of Te.jnik and Furadon were prepared 
to observe their e f f e c t on D. stagnalis. 
The adults and juveniles were tested in each concen-
trat ion in small cavity blocks containing 2 ml of solution. 
The ac t i v i t y was measured in terms of head movements/minute. 
A swing of the head to one side and then back to the 
i n i t i a l point, and again to the other extreme and back to 
the i n i t i a l point constituted one wave. Observations were 
made every hour over a period of 6 hr. The experiments 
were terminated i f the nematodes died within an hour or 
so a f t e r inoculation in the solution. Each experiment 
was repl icated 5 times and were carried out at room 
temperature (25 + 2*^C). 
Results 
Ac t i v i t y and survival in mineral salts 
At higher concentrations of a l l salts and nematicides 
I" ' stagnalis adult and juveniles showed jerky movements 
before ultimately dying. These dead specimens generally 
had a protruded spear and spicules (adult males). The 
body posture of adults also changed at higher concentrations. 
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The body shapes of nematodes encoimtered were spira l , 
C-shaped, closed C-shaped and f igures of ' 8 ' . However, 
the body shape of juveniles stages did not change at 
higher concentrations as was observed in the adults. At 
lower concentrations the ac t i v i t y of d i f f e r en t stages 
decreased gradually. 
Potassium chloride (Mol. wt. = 74.56, Table VI ) : In lower 
concentrations of potassium chloride the ac t i v i t y of adults 
and juveniles decreased gradually with the increase in the 
exposure time. Higher concentrations were very toxic and 
no ac t i v i t y was observed. Minimum survival of juveniles 
and adults was recorded at 0.4 M concentration. 0.011! con-
centration of potassium chloride was l eas t toxic to the 
juveniles and adults (p<^0.05) and their survival rate was 
maximum. Concentrations0.02, 0.04, 0.06 andO.OSMwere of 
intermediate grouping. 
Sodium chloride (Mol. wt. = 58.44, Table V I I ) : Sodium 
chloride was foimd to be less toxic than the potassium 
chloride. However, the ac t i v i t y of adults and the juvenile 
stages gradually decreased at a l l concentrations of this 
sa l t as the time of exposure increased. The nematodes 
exhibited maximum ac t i v i t y ato.Ol ando.02M concentrations. 
No ac t i v i t y of f i r s t , second and third stage juveniles was 
observed at 0.4M concentration of sodium chloride. The 
concentration of 0.4M proved toxic to a l l stages and as a 
result the nematodes survived fo r minimum duration. The 
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maximum survival time of adults and juveniles was recorded 
at .OlM. 
Potassium iodide (Mol. wt. = 166.01, Table V I I I ) : Potassium 
iodide was most toxic to adults and juveniles among the 
various sa l ts that were tested. The ac t i v i t y of male, 
female and a l l the four juvenile stages was inhibited 
great ly at a l l concentrations. The adults survived f o r 
12 hr, fourth and third stages f o r 8-9 hr and second and 
f i r s t stages f o r 5 hr atO.OlM. The nematodes survived fo r 
minimum duration at 0.2M of potassium iodide. The f i r s t 
and second stage juveniles did not exhibit any ac t i v i t y in 
O.IM concentration of potassium iodide. 
Urea (Mol. wt. 60.06, Table IX): A l l concentrations of 
urea were very toxic to the adult and i t s juvenile stages 
and their a c t i v i t y was greatly suppressed. The survival 
was not, however, much a f fec ted by the concentrations of 
urea. The maximum survival time f o r adults and juveniles 
was recorded atO.OlM concentration and minimum at 0.6M 
concentration of urea. 
Ammonia (30^, Mol. wt. 17.03;Sp. grav. 0.89, Table X) : Like 
urea amm o^nia was also unfavourable f o r the ac t i v i t y of 
adults and juvenile stages of D. stagnalis. AtO.OlM con-
centration of amir.onia the survival time of the adults and 
juveniles was maximum whereas at O.IM concentration the 
nematodes survived for a very short duration . 
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Temlk ( IPG act ive gradient, Table X I ) : The ac t i v i t y and 
survival of d i f f e r en t stages was also a f f ec ted by Teinik. 
The nematodes exhibited declin.'i]^ ac t i v i t y with the 
increase in concentration and the period of exposure, 
1 ppm of Temik was l eas t toxic and the nematode survived 
f o r more than 72 hr at this concentration. The higher 
concentration of 1000 ppm appeared more toxic fo r both the 
adults and juveni les. The minimum survival time f o r a l l 
stages was recorded at this concentration. 
Furadon (3-G) (Table X I I ) : Furadon proved comparatively 
less toxic than the Temik. At 1 ppm i t was least toxic, 
but 1000 ppm of Furadon proved highly toxic f o r a l l stages 
of the nematodes. At 1 ppm nematodes survived f o r maximum 
duration whereas at 1000 ppm survival time was the least . 
Discussion 
The adults and the juveniles of D. stagnalis when 
exposed to various concentrations of sa l t solutions^ showed 
varying degree of responses. The adults were generally 
more act ive and survived f o r longer periods than the 
juveniles, at a l l concentrations. The e f f ec t i veness of 
salts on the ac t i v i t y and. survival corresponded to their 
molecular weif^ht and molar concentratiorii^ The ac t i v i t y 
of adults and juveniles was inhibited to a greater extent 
by the salts having higher molecular weights v i z . , 
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potassium iodide (mol, v t . = 166.01) and potassium chloride 
(mol. wt, = 74.56), Sodium chloride having a low molecular 
weight (mol, wt. = 5 ^ 8 . 4 4 ) was least e f f e c t i v e . The 
chemicals ( s a l t s ) can be arranged in the fo l lowing 
descending order depending upon their t ox i c i t y . Potassium 
iodide > Potassium chloride > Sodium chloride y Urea ^ 
Ammonia. Stephenson (1954), Johnston (1959), Bilgrami 
et a l . ( 1 9 8 ^ were also of the same opinion that e f f e c t i v e -
ness of salts is d i rec t ly proportional to their molecular 
weights. The low concentrations ( .01, .02, .04 to .08MC) 
of a l l the sa l ts were favourable f o r the ac t i v i t y of 
D. stagnalis adults and juveniles. The least tox i c i t y at 
low concentrations of salts on the ac t i v i t y is in 
conformity with Soroczon (1969), Jairajpuri ^ (1974), 
Ahmad & Jairajpuri (1984), Bilgrami ^ ( 198^ , who also 
found that low concentrations were most suitable fo r 
survival of d i f f e r en t nematodes. The urea seems to be an 
exception because i t has low m.olecular weight (60.06) even 
then inhabited the ac t i v i t y at a l l concentrations. Ammonia 
which has the lov;est molecular weight (mol. wt. = 17.03, 
sp. grav. -0.89) among a l l the salts that were used, 
proved highly toxic even at lowest concentration of O.OIM. 
The high tox i c i t y of ammonia could be due to i t s nematicidal 
power, which result mainly from i ts capacity to generate 
high osmotic pressure even at very low concentrations 
( c f . Vassallo, 1967). Temik, because i t contained lO'^ 
active ingradient^ might have influenced the 
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ac t i v i t y of nematodes at a l l concentrations. Samantarai & 
Das (1971), Bilgrami ^ ( 1 9 8 ^ reported almost similar 
e f f e c t s of Furadon (3-G) on the adults and Juvenile stages 
of H. oryzae. 
From the above observations i t is evident that 
D. stagnalis and i t s juvenile stages are very sensit ive 
to various sa l ts and nematicides. I t may be concluded that 
l imi ts of tolerance become narrower with increasing concen-
trations of salts and nematicides. 
predatory behaviour 
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PREDATORS BEHAVIOUR* 
The poss ib i l i t y of using predatory nematodes 
specia l ly the mononchs in control l ing populations of plant 
paras i t ic nematodes in s o i l was in i t ia ted as early as in 
1917 when Cobb made some observations on their biology, 
predatory a b i l i t y and possible use in agr iculture. Later, 
Cobb (1920) and Steiner & Heinley (1922) suggested that 
Clarkus papil latus could be useful in res t r i c t ing 
populations of nematodes in the sugar-beet f i e l d s . 
Cassidy (1931) and Christie (1960) suggested the use of 
predaceous nematodes f o r control l ing plant paras i t ic 
A' 
nematodes. Mulvey (196]^; Esser (1963); Esser & Sobers 
(1964) and Hitter & Laumond (1975) made observations to 
determine the possible role of predatory nematodes as 
agents of b io log i ca l control. Nelmes (1974) and Cohn & 
Mordechai (1974) evaluated the predatory behaviour of 
Prionchulus punctatus and Mylonchulus sigmaturus respec-
t i v e l y . The research on mononchs gained some impetus as 
investigations progressed on their l i f e cycles (Maertens, 
1975), feeding behaviour (Grootaert& Maertens, 1976; 
Jairajpuri & Azmi, 1978) predation a b i l i t i e s (Small, 1979; 
Small & Grootaert, 1983), factors influencing predation 
(Bilgrami ^ aj.., 1983, 1984), cannibalism (Bilgrami & 
Jairajpuri , 1985b) and analyses of intest inal contents 
*With permission of the concerned authority i t was 
published in Revue Nematol.. 10, 455-461. 
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(Bilgraini e t a l , ^ 1986). The diplogasterid predators 
received l i t t l e attention as only few studies were made 
f o r assessing their .role as agents of b io log i ca l control. 
Yeates (1969) evaluated the predation a b i l i t i e s of 
Diplenteron r.oioboceYco9 vhi le Grootaert ^ aJ., (1977) studied 
prey se lect ion a b i l i t i e s of Butlerius sp. Very recently, 
observations have been made on the attract ion of two 
species of diplogastr id predators, v i z . Mononchoides 
lon^icaudatus and M. fort idens towards prey (Bilgrami & 
Jaira jpuri , 1988 ) , pre- and post-feeding attract ion and 
aggregation of these predators at feeding s i tes (Bi lgrami 
& Jaira jpur i , 1989b), predation a b i l i t i e s (Bilgrami & 
Jairajpuri , 1989c) and the e f f e c t s of agar thickness and 
concentration on the rate of predation and attract ion 
(Bilgrami & Jairajpuri , 1989d). Besides, the str ike rate 
of these predators and the degree of resistance and 
suscept ib i l i ty of d i f f e r en t prey nematodes against 
predation was also determined (Bilgrami & Jaira jpuri,198<^a.). 
The predatory a b i l i t i e s of nematodes belonging to the 
Order Dorylaimida has, however, not been explored f u l l y , 
so f a r . Oobb (1929), Thome (1930, '39) and Linford and 
Ol iv iera (1937) reported several species of Aporcelaimus, 
Dorylaimus. Labronema, Discolaimus. Carchacolaimus and 
Actinolaimus to be predaceous. Esser (1963) also observed 
species of these genera, besides that of Charcharolaimus 
to be predaceous. Detailed accounts on the feeding 
mechanism and predation a b i l i t i e s of a dorylaim predator, 
9S 
Labronema vulvapapillatum were given by Wyss & Grootaert 
(1977) and Small & Grootaert (1983). Very recently, 
Bilgrami ^ (1985C) f o r the f i r s t time made detai led 
observation on a nygolaim predator, Aauatides thornei(ScV>ev^e»=icrf) 
Ahmad & Jairajpuri , 1979. The dorylaim predators derive 
their food from algae and fungi besides feeding on 
nematodes and hence are considered omnivorous (Holl is,1957; 
Ferr is , 1968, Wood, 1973). 
In the present work a comprehensive study was made 
on the predatory behaviour of D. stagnalis so as to assess 
i t s predatory a b i l i t i e s and also to determine the factors 
that a f f e c t predation. 
Mater ia ls and methods 
D. stagnalis was cultured in l i water-agar at 25 + 1°C 
using Rhabditis sp. as prey. 5 mg of infant milk powder 
(Lactogen) was spread over the surface of agar to allow the 
growth of bacteria which served as food f o r the prey 
nematodes. Predators were transferred to fresh culture 
dishes containing prey a f t e r every 10-15 days. Rhabditis sip • 
Acrcb'eloides 
^P* ana Cen halo bus sp. were cultured in agar plates by 
spreading some amount of infant milk powder (Lactogen) 
over the surface of agar. Plant-parasit ic prey species 
Hoplolaimus indicus , Helicotylenchus indicus, 
Hirschmanniella oryzae and Tylenchorhynchus mashhoodi were 
isolated fresh from the so i l . 
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Feeding mechanism; Feeding in D. stagnalis was studied 
by observing inverted Petri-dishes containing predators 
and prey under microscope at 66 x magnification. For 
study at higher magnifications (450 x or more) simple 
observation chambers consisting of a glass s l ide with a 
block of V% water-agar measuring 2 x 1,5 x 0.5 cm was used 
(\^ss & Grootaert, 1977; Bilgrami ^ 1985c). Ten adult 
(male and female) specimens of D. stagnalis were released 
together with 100 to 150 prey nematodes in the agar block 
which was gently covered by cover-sl ip and kept at 
25 + 1°C. Observations were taken a f t e r one hour and 
feeding by D. stagnalis on Rhabditis sp. and H. oryzae 
was observed. 
Attract ion towards prey: Attraction of D. stagnalis 
towards the prey was studied by the methods of Azmi & 
Jairajpuri (1977) and Bilgrami £ t (1985d). Seven zones, 
each of 1 cm width, were marked at bottom of 7 cm diameter 
Petr i -d ish. A p last ic straw pipe 5 mm high and 5 mm in 
diameter, one end sealed with f i l t e r paoer, was placed 
v e r t i c a l l y in zone 1 (sealed end remained in contact with 
the surface of tbe Pe t r i -d i sh ) , Straw pipe and Petr i -d ish 
was then f i l l e d with \i water-agar (0.5 cm thick l aye r ) . 
Twenty f i v e prey nematodes were placed in the straw pipe 
and whole set was l e f t at 25 + 1°C for 24 h. Twenty f i v e 
female predators were then released at d i f f e r en t places 
in zone 4. Number of predators present in each zone was 
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counted a f t e r four hours. Attraction was tested separately 
towards Rhabdltis sp., l i v e and excised (cut in two 
pieces) and excised H. oryzae. Control was run without 
prey nematodes. 
Rate of predation of adults and .juveniles; Rate of pre da-
tion of male, female and the four juvenile stages of 
J}, stagnalis was determined by releasing f i v e specimens 
of each stage with 25 prey nematodes in cavity-blocks 
containing 1% water-agar. Predation by each stage was 
tested separately upon Rhabditis sp. and H. oryzae. Number 
of prey k i l l ed or ingested was counted a f t e r 24 h. 
Experiments were repl icated f i v e times and carried out at 
25 + 1°C. 
Prey preference; To determine whether D. stagnalis has 
any preference f o r prey Rhabditis sp., Acrobeloides sp., 
Cephalobus sp. , Hoplolaimus Indlcus, He1icotylenchus 
Hirschmannlella 
indlcus, y oryzae and Ty lenc ho rhync hus mashhoodi were 
subjected to predation. Five predators were placed with 
twenty f i v e prey nematodes in a cavity-block containing 
l i water-r.gar. The number of prey k i l l ed or ingested was • 
recorded a f t e r 24 h. Each type of prey was tested 
separately at 25 + 1°C, Experiments were repl icated f i v e 
times. 
Predatory pattern; To observe predatory pattern over a 
period of ten days, f i v e female predators were released in 
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cavity blocks containing i t water-agar with twenty f i v e 
prey nematodes at 25 + 1°C. Observations were made at 
24 h intervals and repl icated f i v e times. Each day, a f t e r 
taking the observations, the predators were transferred to 
fresh cavity blocks containing prey of similar type, 
Bhabditis sp, and H. oryzae were used separately as prey. 
Factors influencing predation: Observations on the e f f e c t 
of d i f f e r en t fac tors , v i z . prey number, temperature, agar 
concentration and starvation of predators on the rate of 
predation were made. Five female D. stagnalis were placed 
with twenty f i v e specimens of prey nematodes in small 
cavity blocks containing 1 water-agar at 25 + 1°C, Number 
of prey k i l l ed or ingested was counted a f t e r 24 h. IVi-all 
the experiments Rhabditis sp. and H. oryzae were used 
separately as prey. Each experiment was repeated f i v e 
times. The above conditions remained same during a l l 
experiments unless mentioned otherwise. E f f ec t of prey 
numbers on predation was observed by placing the predators 
with 25, 50, 75, 100, 125, 150, 175 and 200 prey nematodes 
in separate cavity blocks. To observe the e f f e c t of 
d i f f e r en t temperatures, prey nematode were subjected to 
predation at 5, 10, 15, 20, 25, 30, 35 and 40°C. To deter-
mine the e f f e c t of starvation, the predators were kept 
without prey f o r 0, 2, 4, 6, 8, 10, 12, and 14 days. 
Predators of each group were tested in separate cavity 
blocks. Six concentrations of water-agar, v i z . , 1, 2, 3, 
4, 5 and 6% were used for studying their e f f e c t on predation 
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by D. stagnal ls . 
Results 
The predation by D. stagnalls was on chance 
encounters as there was no evidence of any sor of attrac-
t ion of predators towards their potent ia l prey. D. stagnalis 
attacked the prey only i f i t made a contact. There was no 
preference shown "by the predators fo r attacking any 
part icular part of the body of the prey. Upon contact, 
the predators f i r s t probed, the part of the body of prey 
that made contact, over a short distance and then started 
thrusting the s ty l e t f o r puncturing the cut ic l e . During 
probing a few weak oesophageal pulsations were also 
observed in the predators. Normally 6-8 s ty l e t thrusts 
were enough to puncture the cuticle but sometimes the 
prey escaped from the grip of the predators i f they f a i l ed 
to penetrate the odontostyle into the body of prey. The 
prey became immobile as soon as the odontostyle penetrated 
deep into i t s body. A f ter penetration, thrusting and 
sideways movements of odontostyle began. Odontostyle 
thrusting was at short intervals but during ingestion the 
odontostyle remained within the body of prey. The ingestion 
was intermittent involving short periods of sucking ac t i v i t y . 
The contents of the body of prey could be seen passing 
through the lumen of odontostyle and oesophagus of the 
predators. jD. stagnalis explored and f ed at d i f f e r en t spots 
of the same prey to ingest a l l the body contents, only the 
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cutic le was not consumed when the feeding was completed. 
The duration of feeding on Rhabditis sp. 85 min (25-180 
min) was s l i gh t l y more than that on H. oryzae 70 min 
(15-150 min). Often 2-4 predators were seen feeding 
together on a single prey which was injured or k i l l ed 
ea r l i e r "by another predator. D. stagnalis readi ly fed on 
the eggs of Rhabditis sp. i t had contacted but not on i t s 
own eggs, they rubbed them with l i p s a few times before 
moving away. 
Prey preference (F ig . 46): D. stagnalis showed some degree 
of preference. Rhabditis sp. were k i l l ed in greater numbers 
(p<^0.05), while Acrobeloides sp., T. mashhoodi and 
Kelicotylenchus indicus were preferred least . Other prey 
nematodes, v i z . , Hirschmanniella oryzae and Cephalobus sp. 
were k i l l ed in moderate numbers. No specimens of 
Hoplolaimus indicus was k i l l ed by the predators. 
Attract ion towards prey (F i g . 47): D. stagnalis was not 
attracted e i ther towards Rhabditis sp. or H. oryzae. When 
tested towards Rhabditis sp. (excised and whole), the 
number of predators present in zones 1, 2 and 3 in the 
presence or absence of prey was not d i f f e r en t s i gn i f i cant ly , 
(p y 0.05) . D. stagnalis was also unresponsive towards 
excised H. oryzae. 
Rate of oredation of adults and .juveniles (F i g . 48): A l l 
except the f i r s t stage juveniles preyed upon Rhabditis sp. 
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and H. oryzae. F i rs t stage juveniles did not k i l l or 
injure any prey. However, they fed on prey k i l l ed by the 
older stages. Adults (both males and females), fourth and 
third stage juveniles k i l l ed more Rhabditis sp. than 
H. oryzae. Second stage juveniles preyed equally upon 
both the prey. There was no s igni f icant d i f ference in 
the number of prey k i l l ed by male and female D. stagnalis 
(p y 0.05) . Fourth and third sta.-e juveniles k i l l ed 
lesser number of Rhabditis sp. and H. oryzae than their 
adults. 
Predatory patterns (F ig , 49) : D. stagnalis showed l i t t l e 
var iat ion in i t s predation on Rhabditis sp. and H. oryzae 
over a period last ing ten days. Number of prey k i l l ed by 
predators a f t e r the 2nd and 10th days was not s ign i f i cant ly 
d i f f e r en t (p ^ 0.05) . 
Factors influencing predation by D. stagnalis (F ig . 50): 
Number of prey influenced predation by D. stagnalis 
( F i g . 50A). An increase in prey population up to 125 
individual increased the rate of predation s ign i f i cant ly 
(p 0.05) . Prey number, more than this did not a f f e c t 
predation and the rate of k i l l ing prey per day was same 
(p ^ 0 , 0 5 ) . 
Predation was also influenced by d i f f e r en t tempera-
tures. Maximum number of Rhabditis sp. and H. oryzae were 
k i l l ed at 25 and 30°C (F ig . 50E). Temperatures lower 
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(5-15°C) and higher (40°C) declined predation markedly (p O . O 5 ) . 
At 20 and 55°C , moderate number of Rhabdltis sp, and H, orvzag 
were k i l l e d . 
Starvat ion of predators did not a l t e r the rate of predation 
( I ' i g . 50c). Di f ferences in predation a f t e r 0 and 14 days were 
i n s i gn i f i c an t ( p > 0 . 0 5 ) . 
The rate of predation by D. stagnal is was also influenced 
by changes in agar-concentration. Maximum k i l l i n g was recorded 
i n 1, 2 and 3% water-agar ( p < 0 . 0 5 ) ( P i g . 5 0 ® ) . Concentrations 
higher than those declined predation ( p < 0 . 0 5 ) . In 6% no speci-
men of H, orvzae was either k i l l ed or ingested but predator 
succeeded in k i l l i n g a few Rhabditis sp. even a t this concentra-
t i on . 
Discussion 
Observations show that D, stagnal is feeds by predation. Pre-
dation depended on chance encounters with prey (Nelmes,1974 ; 
Grootaert & lyiaertens,1976; Wyss k Grootaert, 1977; B i lg rami . , 
a l . , 1984; '85c) . Probing before attack was reported by Wyss I. 
Grootaert ( l977) and Bilgrami et ( l985c) in L . vulvapanillatum 
and A, thornei r espec t i ve l y . D. stagnal is also probed any part 
of the body of prey over a short distance. Probing was, however, 
not as vigorous as that of L. vulvapapillatum and so was the 
s t y l e t thrusting by D. s tagnal is . The s t y l e t thrusting by D. 
stagnal is was more l i k e that of A, thornei where gradual and 
intermit tent s t y l e t thrusting was observed (Bilgrami ^ aj,.1985c). 
The r e s t of the sequences of prey catching and feeding 
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mechanism did not d i f f e r much from those reported by wyss 
& Grootaert (1977) and Bilgrami ^ (1985c:) f o r 
L. vulvapap i l i a turn and A, thornei respect ive ly . The rate 
of predation by D. stagnalis was, however, more than that 
of the above two predators. This d i f f e r e n t i a l rate of 
predation could be due to d i f f e r en t nematodes used as prey. 
The d i f ference in the rate of predation by various stages 
of D. stagnalis r e f l e c t s their predatory potentials, 
adults being stronger predators than the younger stages. 
Aphlenchid predators ( Selnura spp.) are knoTO to 
paralyse their prey by inject ing sal ivary and oesophageal 
secretions into the prey (L inford & Ol iv iera, 1937, 
Hechler, 1963). stagnalis also paralysed i t s prey 
probably by disorganizing i t s internal body parts with the 
odontostyle as is reported in other dorylaim predators 
(Ho l l i s , 1957', Wy-ss & Grootaert, 1977; Bilgrami ^ 
1985c). However, i f predators injected secretions into 
the prey, these might have been used f o r extra-corporal 
digestion. 
The predaceous nematodes were unable to detact 
their prey even from short distances (Esser, 1963). This 
opinion was supported by Grootaert & Maertens (1976); Wyss 
& Grootaert (1977) and Eilgrami et aJ.. (1984; 1985c) based 
on their studies on Mononchus aquaticus, L. vulvapap i l i a turn 
and A. thornei. Ssser (1963) was also of the opinion that 
l i v e prey cut in two halves attracted several dorylaim 
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predators. Bilgrami & Jairajpuri (1988^ 1989b) observed 
attract ion of diplogasterid predators towards l i v e and 
excised prey and the attract ion and aggregation of these 
predators at feeding s i tes before and a f t e r consnming the 
prey. During observations on D. stagnalis such a phenomenon 
was not observed e i ther towards excised or whole ( l i v e ) 
Rhabditls sp. or H. oryzae although aggregation of 
JD» stagnalis around an injured prey suggested some kind of 
at tract ion (Vtyss & Grootaert, 1977; Bilgrami ^ ,1985c). 
In the presence of eggs of f r e e - l i v i ng nematodes, a f f i n i t y 
of D. stagnalis (both male and female) f o r their own eggs 
suggested some form of recognition of i t s own chemical 
attractants (Esser, 1963; Bilgrami ^ , 1985c). 
The d i f f e r e n t i a l predation by D. stagnalis upon 
d i f f e r en t nematodes that were used as prey may be attributed 
to the size and behaviour of prey and the texture of their 
cut ic les , HoTJlolaimus indicus and Kelicotylenchus indicus 
seemed to r es i s t predation probably due to the toughness 
and thickness of their cuticle (Esser, 1963,'87; Small & 
Grootaert, 1983; Bilgrami & Jairajpuri , 1989a); and 
secretion of toxic unfavourable chemical secretions 
(Esser, 1963,'87; Bilgrami & Jairajpuri , 198qa). Besides, 
d i f ferences in prey ac t i v i t y could also influence predation 
by D. stagnalis (Bilgrami ^ a l , 1983). At d i f f e r en t 
temperatures and agar concentrations the rate of predation 
by D. stagnalis may be d i f f e rent due to the ac t i v i t y of 
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predator and prey which might have been influenced by the 
change in temperature and ajjar concentration (Bilgrami 
^ Bl, 1983). 
The increase in prey numbers increased the predation 
by Diplentron -potohikus, Prlonchulus punctatus^ thornei, 
Mononchoides longicaudatus^ M. fortidens., (Yeates, 1969; 
Nelir.es, 1974; Bilgrami ^ , 1985c, Bilgrami & Jairajpuri , 
1989c) but predation by Mononchus aauatlcus remained 
unchanged in varying prey populations (Bilgrami et al.1984). 
Observations on D. stagnalis revealed that predation 
increased s i gn i f i cant l y up to a population of 125 prey 
nematodes (p <^0,05). Prey numbers more than this did not 
a f f e c t predation and the rate of k i l l ing per day was same 
Cp 0,05) . This suggested a certain rat io between 
predators and prey f o r maximum predation at which 
D. stagnalis might have been sa t i s f i ed and did not attack 
or k i l l any prey thereafter . The increase in predation 
was perhaps the outcome of improved chances of encounter 
between predators and prey which, however, did not a l t e r 
predation beyond an optimum l e v e l of prey population. The 
starvation of predators was the only factor which did not 
a l t e r the number of prey k i l l ed per day by D. stagnalis. 
Bilgrami £ t (1984) also found similar results in 
M. aauaticus. 
summary 
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Summary 
Studies on Dorylaimus stagnalis Dujardin, 1845 
presented in this thesis include observations on the 
morphology, anatomy, variation, developmental biology, 
e f f e c t of chemicals and predatory behaviour. 
Observations on the morphology revealed variations 
in the total body length, size of spear, position of 
guiding ring, posit ion of vulva, length of anterior and 
posterior gonads, prerectum and t a i l . Females are larger 
than the males and also have larger odonto style s. In both 
the sexes the length of odontophore i s greater than the 
odontostyle. Adults have 32-34, f i r s t stage 21-22, second 
23-24, third 25-2S and fourth 27-29 longitudinal ridges 
on the bod3'". A cross-section of the mid-body shows two 
large la tera l chords and the comparatively smaller dorsal 
ana ventral chords. In the anterior region, hov/ever, the 
size of a l l the four chords are equal and somewhat T-shaped. 
Somatic muscle ce l ls in the interchordal zones of hypodermis 
are typical ly coelonyarian with polymyarian arrangement 
(5-9 ce l ls in each quadrant). The s ize, shape and num.ber 
of these ce l ls vary in d i f f e rent body regions of adults 
and juvenile s. 
Of the various specialized musclas, those associated 
with the feeding apparatus are the protractor and retractor 
muscles. In the vulval region are the d i la ta tor and 
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constr ictor vulvae. The oviduct - uterus junction has 
weak sphincter muscles. Males are provided with caudal 
copulatory and spicular muscles. Males possess 2 bands 
of anal muscles while female have only one band which 
runs from ventral to subdorsal wal l of body. 
The digest ive system consists of a feeding 
apparatus (odontostyle and odontophore) , oesophagus, 
cardia, intest ine , prerectun, rectum and anus. The lumen 
of oesophagus is t r i rad ia te . Intestine i s made up of 
s ingle layer of ce l l s , and is 10-13 ce l l s in circumference. 
The length of pre rectum i s more in males than females 
and made up of 9-11 ce l l s . Males have 2-3 rectal glands. 
The females are amphidelphic and each sexual branch 
consists of a ref lexed ovary, an oviduct and a long 
f l e x i b l e uterus. The males are diorchic, t es t i s is 
follo;/ed by a vas deferens, an ejaculatory duct -./hich 
joins the cloaca. There are 3 pairs of e jaculatory glands. 
The secondary sexual characters include paired spicules, 
l a t e r a l guiding pieces and supplements. Females have 
long f i l i f o r m ta i l s while male t a i l s are short conoid. 
An analysis of morphometric and al lometric 
characters of adults and juveniles revealed that these 
characters may vary to d i f f e r en t degrees. The lengths cf 
odontostyle, odontophore, posit ion of vulva, l i p width, 
l i p height, length of expanded part of oesophagus and 
number of supplements shov/ed the least var iat ion. The 
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rat io ' a ' ( i n males), ' b ' , v ' and T are also least 
variable characters in adults and juveniles. 
The juveniles could be d i f f e ren t ia ted from adults 
on the basis of their body length and in having 2 
odontostyles (the functional and replacement odontostyles). 
Amongst themselves, the four juvenile stages were 
distinguished by the ir functional and replacement 
odontostyles lengths, length of germinal primordia and 
the number of germinal nuclei present in the primordia. 
L i f e cycle (egg-egg) was completed in 117-138 days, 
jimbryogenesis lasted f o r 45-83 hrs a f t e r which the f i r s t 
stage juvenile hatched. Developmental stages ( I s , 2nd, 
3rd and 4th) were typica l ly characterised by the presence 
of replacement odontostyle and incompletely developed 
gonads. The odontostyle developed from the single c e l l 
present in the anterior slender part of oesophagus and 
migrated through the odontophore to take the place of 
funct ional odontostyle during moulting. The germ.inal 
primordiejiv in the f i r s t stage is oval and made up of 2 
germinal and 4-6 somatic nuclei. During the succeeding 
developmental stages, p ro l i f e ra t i on of germ ce l l s occurs 
and the gonad i s completely formed by the time the fourth 
stage juveniles m.oult into adults. The sexes can be 
d i f f e r en t i a t ed at third stage. Normally males mature 
e a r l i s r than females. 
110 
The chemicals tested were toxic f o r adults and 
juveni les. Sodium chloride and Furadon were l eas t toxic 
in comparison with pptassium chloride, potassium iodide, 
urea, ammonia and temik which were highly toxic . 
Observations on the predatory behaviour of 
D. staenalis were made in agar plates. . Rhabditis sp, was 
preferred most while Acrobeloides sp., T:'Aenchorhynchus 
mashhoodi and He1icotvlenchus indicus the l eas t . Adults 
preyed more than their younger stages. A l l fac tors v i z . , 
pray number, temperature and agar concentrations 
influenced predation by D. stagnalis except the starvation 
of predators. Maximum predc-tion took place when predators 
were placed in a population of 125 individuals of prey. 
Agar concentrations 1, 2 and 3% and temperatures 25° and 
30°C were most suitable f o r predation by D. sta?:nalis. 
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Location of oesophageal gland 
nuclei and their o r i f i c e s 
Range ( ) Mean ) 
DO 50 - 54 52 
DN 5 3 - 5 6 55 
S;1_N2 68 - 83 76 
SjOj^  • 66 - 78 72 
S^Ng 71 - 86 79 
SgN^ 8 4 - 9 2 88 
S^ O^ 83 - 90 87 
$2^2 84 - 93 89 
S2O2 85 - 89 87 
TABLE I I I 
Intersexuality 
Characters ni rir 
L (mm) 
a 
b 
c 
c' 
V 
T 
Lip width 
Lip height 
Guiding ring 
Odontostyle 
0 don top ho re 
Oesophagus 
Cardia 
Prerectum 
Rectum 
Spicule 
Tai l 
ABD 
2,560 mm 
32 
4.2 
24 
Z 
45 
13.8 
11.7 
15 um 
6 
24 
42 
45 
608 
23 
194 
39 
36 
106.4 
53.2 
3.133 mm 
38 
4 .1 
27 
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Table V 
Act i v i ty of juveniles and adults in tape water 
( Control ) 
hrs L l La L4 <f $ 
1 18 19 23 24 24 25 
2 17 20 22 23 25 22 
3 19 20 21 22 24 24 
4 IS 19 23 23 23 25 
5 19 18 22 23 24 24 
6 18 19 23 24 23 25 
Mean 18.16 19.16 22.33 23.16 23.83 24.16 
SD +0.687 +0.587 +0.745 +0.687 +0.687 ±1.067 
r _ — — — _ 
Surv 7 days 10 days 13 days 15 days 18 days 20 days 
Table VI 
Potassium chloride (KCl) 
Act iv i ty of juveniles and adults ino.lMC of K d 
hrs L l ^2 Ls -L4 (T 9 
1 3 3 4 6 8 9 
2 2 3 4 5 5 6 
3 1 1 2 4 5 4 
4 0 1 1 3 4 4 
5 0 0 0 1 2 3 
6 0 - 0 0 0 1 1 
Mean 1 1.3 1.83 3.16 4.16 4.5 
SD ±1.15 +1.24 +1.67 +2.11 +2.26 +2.5 
r -0.89 -0.82 -0.94 -0.99 -0.97 -0.84 
Surv. 6 hrs 10 hrs 11 hrs 12 hrs 20 hrs 20 hrs 
Act iv i ty of juveniles and adults inO. 2MC of KCl 
hrs L l ^2 ^3 d^  
1 4 6 
2 3 4 
3 4 3 
4 4 4 
5 2 1 
6 0 1 
Mean 2.83 3.16 
SD +1.46 +1.77 
r -0.67 -0.94 
Surv. 4 hrs 5 hrs 7 hrs 8 hrs 9 hrs 10 hrs 
contd 
Table VI contd 
Act iv i ty of juveniles and adults inf).4MC of KCl 
hrs ^2 ^3 '^ 4 (f 0 + 
1 
2 
3 
4 
5 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Mean 
SD 
r 
Surv. 2 hrs 3 hrs 4 hrs 4 hrs 4 hrs 4 hrs 
Act iv i ty o f j U V 3 niles and adults ino.OlMC of KCl 
hrs H h (f 2 
1 
2 
3 
4 
5 
6 
10 
7 
4 
4 
2 
1 
13 
10 
10 
7 
6 
5 
12 
10 
8 
7 
5 
5 
15 
12 
8 
7 
6 
5 
15 
11 
11 
10 
13 
09 
18 
16 
16 
13 
11 
11 
Mean 4.3 8.5 7.83 8.83 11.5 14.16 
SD +2.85 +2.75 +2.54 +3.5 +1.97 +2.67 
r -0.84 -0.95 -0.95 -0.84 -0.59 -0.94 
Surv. 21 hrs 21 hrs 24 hrs 24 hrs 48 hrs 48 hrs 
contd 
Table VI contd 
Act iv i ty of juveniles and adults ino.02MC of KCl 
hr.s ^2 ^3 ^4 0 + 
1 11 12 14 16 17 19 
2 9 11 12 13 14 16 
3 8 10 13 10 14 17 
4 6 8 9 8 11 14 
5 4 5 7 7 9 11 
6 3 3 7 4 7 9 
Me an 6.8 8.1 10.33 9.66 12 14.33 
SD +2.79 +3.23 +2.80 +3.94 +3.36 +3.44 
r -0.99 -0.97 -0.89 -0.97 -0.95 ^ -0.90 
Surv. 19 hrs 21 hrs 22 hrs 24 hrs 36 hrs 36 hrs 
Act iv i ty of juveniles and adults ino. ,04MC of KCl 
hrs 4 ^2 ^3 L4 ^ 
1 13 15 17 18 18 18 
2 11 13 15 17 15 16 
3 9 10 12 15 13 15 
4 7 9 10 13 10 14 
5 4 7 8 10 7 12 
6 2 5 5 8 5 10 
Mean 7.56 9.8 11.16 13.5 11.3 14.16 
SD +3.31 +3.38 +4.05 +3.59 +4.49 +2.60 
r -0.99 -0.96 -0.99 -0.98 -0.99 -0.99 
Surv. 15 hrs 16 hrs 19 hrs 21 hrs 22 hrs 24 hrs 
Contd 
Table VII contd 
Act iv i ty of juveniles and adiilts in0.4MC of NaCl 
hrs ^2 ^3 ^4 $ 
1 10 11 13 14 16 17 
2 8 9 10 12 14 15 
3 6 7 8 8 11 13 
4- A. 6 7 8 10 11 
5 3 4 5 7 8 9 
6 1 2 3 5 6 7 
Mean 5.3 6.5 7.66 9 10.83 12 
SD +3.03 +2.98 +3.24 +3.05 +3.38 +3.41 
r -0.39 -0.99 -0.97 -0.76 -0.97 -1 
Surv 16 hrs 18 hrs 18 hrs 19 hrs 20 hrs 20 hrs 
Act iv i ty of juveniles and adults inO .08MC Kd 
hrs ^2 ^3 % ^ ^ 
1 4 5 7 9 11 13 
2 3 4 5 8 9 11 
3 1 2 3 6 6 9 
4 0 0 2 4 4 7 
5 0 0 0 2 2 5 
6 0 0 0 1 0 3 
Me an 1.33 1.83 2.83 5 5.33 8 
SD +1.59 +2.03 +2.54 +2.94 +3.81 +3.41 
r -0.80 -0.92 -0.95 -0.99 -0.99 -1 
Surv. 7 hrs 9 hrs 19 hrs 22 hrs 24 hrs 24 hrs 
Table VI I 
Sodium chloride (NaCl) 
Act iv i ty of juveniles and adults ino. 1I4C of Nad 
hrs L l ^2 ^4 0 + 
1 7 9 11 12 13 15 
2 4 7 10 10 12 14 
3 3 6 9 8 11 12 
4 2 4 7 6 9 11 
5 1 2 5 5 7 9 
6 0 1 3 3 5 8 
Mean 2.83 4.8 7.5 7.33 9.5 11.5 
SD +2.26 +2.79 +2.81 +3.03 +2.81 +2.5 
r -0.86 -0.99 -0.97 -0.99 -0.97 -0.99 
Surv. 6 hrs 7 hrs 9 hrs 9 hrs 8 hrs 9 hrs 
Act iv i ty of Juveniles and adults inO. 2MC of Nad 
hrs L, d^  0 1 2 3 4 + 
1 4 4 7 8 11 12 
2 i 2 5 7 9 10 
3 0 0 3 5 7 7 
4 0 0 2 2 4 5 
5 0 0 1 1 2 3 
6 0 0 0 0 1 1 
Mean 0.83 1 3 3.83 5.66 6.33 
SD +1.46 +1.52 +2.38 +3.02 +3.63 +3.81 
r -0.45 -0.51 0-0.94 -0.98 -0.99 -0.99 
Surv. 3 hrs 3 hrs 5 hrs 5 hrs 8 hrs 9 hrs 
contd 
Table VII contd 
Act iv i ty of juveniles and adiilts in0.4MC of NaCl 
hrs ^4 £ 
1 7 9 10 
2 5 6 9 
3 4 5 6 
4 3 4 5 
5 0 1 3 
6 0 0 0 
Mean 3.16 4.16 5.5 
SD +2.54 +3.02 +3.40 
r -0.97 -0.98 -0.98 
Surv. 1 hr 1.30 hr 2.30 hr 5 hr 7 hr 8 hr 
Act iv i ty of juve ni les and adults inO. .OlMC of Nad 
hrs h (S' 0 + 
1 13 16 17 IS 19 19 
2 11 15 16 17 17 18 
3 10 13 15 16 15 15 
4 8 11 13 15 14 12 
5 7 10 11 13 13 13 
6 6 8 9 10 11 12 
Mean 9.16 12.15 13.5 14.83 14.83 14.83 
SD +2.40 +2.73 +2.81 +2.67 ^2.60 +2.79 
r -0.99 -0.99 -0.97 -0.S4 -0.96 -0.90 
Surv. 24 hrs 24 hrs 30 hrs 32 hrs 48 hrs 48 hrs 
contd 
Table VII contd 
Act iv i ty of juveniles and adiilts in0.4MC of NaCl 
hrs 
S ^3 (T 0 + 
1 13 14 15 17 18 18 
2 12 12 13 16 16 17 
3 10 11 13 14 15 16 
4 10 9 11 12 14 15 
5 8 8 10 10 12 14 
6 5 6 8 8 11 12 
Mean 9.G6 10 11.66 12.83 14.33 15.33 
SD +2.62 +2.64 +2.28 +3.18 +2.35 +1.97 
r -0.96 -1 -0.96 -0.99 -0.99 -0.99 
Surv. 20 hrs 22 hrs 24 hrs 24 hrs 36 hrs 36 hrs 
Accivity of juveniles and adults in0.04MC of Kad 
hrs L l ^3 ^4 cf 0 + 
1 11 14 15 15 17 18 
2 9 12 13 14 16 17 
3 7 11 12 13 15 16 
4 6 9 10 11 13 15 
5 4 7 9 10 11 13 
6 3 6 8 8 9 11 
Mean 6.66 9.S3 11.16 11.83 13.5 15 
SD +2.74 +2.79 +2.40 +2.40 +2.81 +2.38 
r -0.98 -0.99 -0.99 -0.97 -0.96 -0.97 
Surv. 19 hrs 20 hrs 23 hrs 24 hrs 24 hrs 24 hrs 
Table VII contd 
Act iv i ty of juveniles and adiilts in0.4MC of NaCl 
hrs ^2 ^4 (f 2 
1 7 8 12 13 15 15 
2 5 7 10 11 13 13 
3 3 5 9 10 12 11 
4 2 3 7 8 10 9 
5 0 1 6 7 9 8 
6 0 0 4 5 7 6 
Mean 2.S3 4 8 9 11 10.33 
SD +2.54 +2.94 +2.64 +2.64 +2.64 +3.03 
r -0.95 -0.99 -0.99 -0.99 -0.99 -1 
Surv. 19 hrs 21 hrs 24 hrs 24 hrs 26 hrs 29 hrs 
Act iv i ty of juveniles and adults inc.08 ;KC of NaCl 
hrs S % 0 + 
1 8 8 11 12 15 15 
2 6 7 9 11 13 15 
3 5 5 8 9 12 12 
4 4 3 6 7 10 10 
5 3 2 5 6 8 9 
6 1 1 4 4 7 7 
Mean 4.5 4.33 7.16 8.16 10.83 11.33 
SD +2.21 +2.56 +2.40 +2.79 +2.79 +2.98 
r -0.98 -0.99 -1 -0.99 -0.99 -0.98 
Surv. 17 hrs 19 hrs 20 hrs 21 hrs 24 hrs 24 hrs 
Table V I I I 
Potassium iodide (K I ) 
Ac t i v i t y of juveniles and adults inO.lMC of KI 
hrs ^4 (f 5 
1 4 6 11 14 9 16 
2 0 0 7 10 6 11 
3 0 0 4 5 2 6 
4 0 0 1 2 0 3 
5 0 0 0 0 0 0 
6 0 0 0 0 0 0 
Mean 0.66 1 3.83 5.16 2.83 6 
SD +1.49 +2 .23 +4.05 +5.24 +3.48 +5.85 
r -0.S2 -0.91 -0.78 -0.92 
Surv. 4 hrs 4 hrs 6 hrs 7 hrs 8 hrs 8 hrs 
Ac t i v i t y of juveniles and adults ino. OlMC of KI 
hrs 
^2 S 0 + 
1 12 13 16 16 20 20 
2 10 11 12 12 17 19 
3 7 9 8 9 11 16 
4 3 4 4 4 7 10 
5 0 0 2 i 3 5 
6 0 0 0 0 1 3 
iMean 5. 33 6.16 7 7 9.S3 12.16 
SD +4.67 +5.14 +5.82 +5.83 -6.93 •+6.61 
r -0.S8 -0.95 -0.98 -0.98 -0.98 -0.95 
Surv. 6 hrs 6 hrs 8 hrs 9 hrs 12 hrs 12 hrs 
Contd 
Table V I I I . . . . contd . • •«. 
Act iv i ty of juveniles and adults in .02MC of KI 
hrs L. L 0 1 2 3 4 + 
1 9 9 U 14 15 17 
2 6 6 8 10 11 13 
3 4 4 6 7 8 9 
4 1 1 4 3 4 5 
5 0 0 0 0 0 0 
6 0 0 0 0 0 0 
Mean 3.33 3.33 4.8 5.66 6.33 7.33 
SD +3.S4 +3.34 +4.01 +5.18 +5.55 +6.34 
r -0.95 -0.S5 -0.98 -0.98 -0.98 -0.98 
Surv. 6 hrs 6 hrs 7 hrs 7 hrs 7 hrs 9 hrs 
Act iv i ty of juveniles and adults in .04MC of KI 
hrs ^2 (f 
1 7 8 9 11 14 13 
2 5 5 8 8 11 10 
3 2 3 5 5 8 7 
4 0 0 2 2 5 3 
5 0 0 0 0 0 0 
6 0 0 0 0 0 0 
Me an 2. 33 2.66 4 4.33 6.33 5.5 
SD +2.74 +3.03 +3.60 +4.10 +5.2 +4.92 
r -0.S4 -0.S2 -0.94 -0.96 -0.98 -0.98 
Surv. 5 hrs 5 hrs 5 hrs 6 hrs 8 hrs 8 hrs 
Contd 
Table V I I I 
Ac t i v i t y of juveniles and adults inO. 06MC of KI 
tirs 
^2 (T 0 + 
1 6 7 7 11 14 15 
2 4 4 6 7 10 11 
3 1 2 3 4 7 8 
4 0 0 1 1 4 3 
5 0 0 0 0 0 0 
6 0 0 0 0 0 0 
Mean l .S 2.16 3.16 3.S3 5.83 6.16 
SD +2.33 +2.60 +3.33 +4.05 +5.11 +5.63 
r -0.71 -0.S5 -0.89 -0.92 -0.98 -0.97 
Surv. 5 hrs 5 hrs 6 hrs 6 hrs 8 hrs 8 hrs 
Act iv i ty of juvenil .es ?jid adults inD.OSMC of KI 
hrs H ^4 (f 0 + 
1 6 7 9 8 12 15 
2 3 4 7 6 9 12 
3 1 2 4 3 6 10 
4 0 0 1 1 3 5 
5 0 0 0 0 1 1 
6 0 0 0 0 0 0 
Mean 1.66 2.16 3.5 3 5.16 7.16 
SD +2.21 +2.60 +3.5 +3.05 +4.29 +5.58 
r -0.73 -0.S6 -0.95 -0.92 -0.98 -0.97 
Siirv. 4 hrs 5 hrs 6 hrs 7 hrs 7 hrs 8 hrs 
Table IX 
Urea 
Surv iv i l i t y of juveniles and adiiLts in Urea 
Di f ferent con- L, L- L^ L. (f Q 
centration of ^ ^ 
Urea hr hr hr hr hr hr 
1 MC 3 3 6 6.30 7 8 
2 MC 2 3 5 6 6 7 
4 MC 1 2 3 4 5 5 
6 MC - - 2 3 3 3 
01 MC 7 7 9 10 11 13 
02 MC 6 6 9 9 10 12 
04 MC 5 5 7 9 9 11 
06 MC 4 5 5 8 9 11 
08 MC 3.30 5 6 7 8 10 
Table X 
Ammonia 
Surv iv i l i t y of juveniles and adults in Ammonia 
Di f ferent con- Li L, 0 
centration of 1 d o 4 + 
Amjnonia hr hr hr hr hr hr 
.1 MC - - 0.30 1 1 1 
.01 MC 2 3 5 6 6 7 
.02 MC 1 2 4 4 5 6 
.04 MC 0.45 1 2 3 4 4 
.06 MC 0.35 1 1 2 3 3 
.08 MC 0.15 0.25 0.45 1 2 2 
Table XI 
Temik 
Act iv i ty of juveniles and adults in 1 ppm Tenik 
hrs ^3 ^4 (f $ 
1. 7 8 8 10 12 14 
2 6 8 7 9 11 13 
3 6 7 6 9 11 13 
4 6 7 6 8 10 12 
5 5 7 6 8 10 12 
6 5 6 6 8 9 11 
Mean 5.8 7.3 6.5 8.66 10.5 12.5 
SD +0.68 +0.47 +0.76 +0.74 +0.95 +0.95 
r -0.93 -0.7^ -0.51 -0.91 -0.95 -0.95 
Surv. 48 hrs 48 hrs 60 hrs 72 hrs 72 hrs 92 hrs 
Act iv i ty of juveniles and adults in 10 ppm Temik 
hrs 4 % (f 
1 4 6 6 7 9 11 
2 4 5 6 7 8 10 
3 3 5 6 7 8 10 
4 3 4 6 7 8 10 
5 2 4 6 6 8 10 
6 '2 4 5 5 7 9 
Mean 3 4.66 5.83 8 10 
SD +0.81 +0.74 +0.37 +0.76 +0.57 +0.57 
r -0.91 -0.91 -0.69 -0.96 -0.81 -0.81 
Surv. 36 hrs 36 hrs 40 hrs 48 hrs 48 hrs 48 hrs 
Contd 
Table XI . contd . 
Act iv i ty of juveniles and adults in 100 ppm Tenik 
hrs ^2 S (f 2 
1 0 1 5 9 8 9 
2 0 1 5 8 7 8 
3 0 1 5 8 7 8 
4 0 0 4 8 7 8 
5 0 0 4 8 7 8 
6 0 0 3 7 6 7 
Mean 0 0.5 4.3 8 7 8 
SD 0 +0.5 +0.74 +0.57 +0.57 +0.57 
r 0 0 -0.84 -0.81 -0.81 -0.81 
Surv. 12 hrs 12 hrs 18 hrs 19 hrs 22 hrs 24 hrs 
Act i v i ty of Juveniles and adults in 1000 ppm Temik 
hrs Li • ^2 ^3 (f 0 + 
1 2 3 4 5 
2 0 1 3 4 
3 0 0 3 3 
4 0 0 1 2 
5 0 0 0 2 
6 0 0 0 1 
Mean 0.33 0.6 1.83 2.83 
SD +0.74 +1.10 +1.57 +1.34 
r -0.25 -0.51 -0.90 -0.97 
Surv, 75 min 2 hrs 6 'hrs 6 hrs 
Table XI I 
Furadon 
Act iv i ty of juveniles and adiilts in Ippm Furadon 
hrs L l ^2 ^3 ^4 (f 
1 5 8 10 11 16 17 
2 4 8 9 10 14 15 
3 3 7 9 9 12 14 
A 3 6 8 9 12 14 
5 2 6 7 8 11 12 
6 2 5 7 7 10 11 
Mean 3.16 6.66 8.33 9 12.5 13.8 
SD +1.06 +1.10 +1.10 +1.29 +1.37 +1.35 
r -0.86 -0.S7 -0.34 -0.94 -0.82 -0.35 
Surv. 72 hrs 86 hrs 90 hrs 94 hrs 94 hrs 96 hrs 
Act iv i ty of juvenil .9S and adults in 10 ppm Furadon 
hrs h (f 2 
1 4 6 7 9 11 13 
2 3 6 7 8 9 12 
3 3 5 6 8 9 10 
4 2 5 5 7 8 10 
5 2 4 5 6 7 9 
6 2 4 4 5 6 9 
Mean 2.66 5 5.66 7.16 8.33 10.5 
SD +0.74 +0.81 +1.10 +1.34 +1.59 +1.5 
r -0.91 -0.91 -0.97 -0.95 -0.97 -0. 
Surv. 58 hrs 60 hrs 68 hrs 68 hrs 71 hrs 74 hrs 
contd 
Table XI I contd 
Act iv i ty of juveniles and adults in 100 ppm Furadon 
hrs ^2 ^3 ^4 (f $ -
1 2 3 6 7 8 8 
2 1 3 5 7 8 8 
3 0 2 4 6 7 7 
4 0 1 4 5 6 7 
5 0 1 4 5 6 7 
6 0 0 3 4 6 6 
Mean 0.5 1.66 4.3 5.66 6.83 7.16 
SD +0.76 +1.10 +0.34 +1.10 +0.89 +0.68 
r -0.51 -0.97 -0.75 -0.97 -0.92 -0.81 
Surv. 40 hrs 48 hrs 55 hrs 55 hrs 58 hrs 60 iirs 
Act iv i ty of juv 3nil9S and adults in 1000 ppm Furadon 
hrs ^2 S (f 0 + 
1 3 5 6 6 
2 3 4 5 5 
3 1 3 4 4 
4 0 2 4 4 
5 0 2 3 4 
6 0 2 2 2 
Mean l . i s 3 4 4.16 
SD +1.34 +1.15 +1.29 + 1.21 
r -0.83 -0.89 -0.94 -0.84 
Surv. 18 hrs 19 hrs 26 hrs 26 hrs 28 hrs 28 hrs 
Jl. -
Fig. 1 
Entire female, 
B - Entire male, 
C - ijnphid, 
D - Anterior rerion, 
3 - Expanded part of oesopha-us, 
? - Female t a i l , 
G - Male t a i l . 
F i g . 1 
Fig. Z 
Cross-sections of Body 
A - 3n-face view, 
B - At the l e v e l of amphid, 
C - At the l e v e l of odontostyle showing 
protractor muscles, 
D - At the l e v e l of odontophore, 
S - At the base of odontophore, 
F - At tho l e v e l of nerve ring, 
G - Through anterior part of oesophagus, 
H - Through expanded part of oesophagus, 
I - Through cardia, 
J - Through intest ine, 
K - Through pre rectum. 
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Fig. 2 
Fig. 3 
A - Somatic nuscles/cross-sections at the 
l e v e l of intest ine, 
B - Spear muscles, 
C - Sphincter muscles, 
D - Vulval muscles ( l a t e r a l ) , 
E, - Vulval muscles ( vent ra l ) , 
F - Copulatory muscles, 
G - Anal muscles (female) 
H - Spicular muscles, 
I - Anal m.uscles (male). 
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Fig. 3 
Fig. 4 
Female reproductive system 
A - Anterior sexual branch, 
B - C. S. through ovary and oviduct, 
C - C. 3. through uterus, 
D - C. S. through vulva, 
S - Vulvae region ( l a t e r a l ) , 
F - Vulvaflregion ( v en t ra l ) . 
Fig./, 
Fig. 5 
Male reproductive systam 
A - Testes, 
B - C. S. through tes t i s , 
C - C. S. through tes t i s and vas def, 
D - C. S. through vas def, 
S - G. S. through ejaculatory duct, 
F - C. S. through head of spicules, 
G - C. 3. through shaft of spicules, 
H - Posterior region, 
I - Spicule with muscles. 
Fig. 5 
Fig. 6 
Inte r sexual i t y 
A - Entire length 
3 - Entire length (n^) , 
C - Female gonad (n^ )^ , 
D - Female gonad (n^) , 
E - Vulva C n^ )^ , 
F - Vulva (ng ) , 
G - Testas (ng ) , 
H - Tai l (n^ )^ , 
I - Ta i l (ng ) . 
Rg. 6 
Fig. 7 
Fist stage juvenile 
A - Sntire f i r s t stage juvenile, 
B - /interior rogion of intermoult stage, 
C - Cardia with c e l l s , 
D - C. S. through intest ine, 
a - Ta i l , 
F - Anterior region of f i r s t moulting stage, 
G - Moulting t a i l of f i r s t stage. 
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t ZQ^m ,Q.£ 
J 30unn pg 
Fig. 7 
Fig . 8 
Second stage Juvenile 
A - 3ntire second stage juvenile, 
B - Anterior region ( in term oul ting stage) , 
C - Cardia v;ith c e l l s , 
D - C. S. through intest ine, 
a - T a i l , 
F - Anterior region of second moulting stage, 
G - Moulting t a i l of second stage. 
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Fig. 8 
Fig. 9 
Third stage juvenile 
A - Entire third stage female juvenile, 
B - antire third stage male juvenile, 
C - Anterior region ( internoult stage) , 
D - Cardia v;ith cardial c e l l s , 
S - C. S. through intestine, 
F - Anterior region of moulting stage, 
G - Moulting t a i l of female, 
H - I-Ioultinc- t a i l of male. 
Fig 9 
Fig. 10 
Fourth stage juvenile 
A - Sntire fourth stage female Juvenile, 
B - Entire fourth stage male juvenile, 
C - Anterior region ( in tern oul ting stage) , 
D - Cardia v;ith cardial c e l l s , 
E - C. S. through intest ine, 
F - Anterior region of noulting stage, 
G - Moulting female t a i l , 
H - Moulting male t a i l . 
Fiq.10 
Fig. 11 
Variations in anterior gonad length. 
JQQtim ,A.E 
Fig. 11 
Fig. 12 
Variations in posterior gonad length. 
Fig. 12 
Fig. 13 
Variations in testes and male ta i l , 
A - D- Testes, 
S - M- Male t a i l . 
i I 
Fig. 13 
Fis. 14 
Variations in female t a i l . 
Fig.U 
Fis. 15 
The relationship betv;een the oesophageal 
and body lengths of adult D, stagnal is . 
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Fig. 16 
The relationship between the oesophageal and body 
length in juveniles of stagnal is. 
L^ - F i rs t stage, 
Lg - Second stage, 
L^ - Third stage, 
- Fourth stage. 
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Fig. 17 
The relationship betv/een the t a i l 
and body length in adults D. stagnal is. 
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Fig. 13 
The relationship between t a i l and 
body length in - juveniles. 
L^ - F i rs t stage juvenile, 
Lg - Second stage juvenile, 
Lg - Third stage juvenile, 
Fourth stage juvenile. 
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Fig. 19 
The relationship between odon to style 
and body length in adults. 
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Fig. 20 
The relationship be tureen functional 
odonto style and body length in ijuveniles, 
L^ - F i rs t stage juvenile, 
Lg - Second stage juvenile, 
L^ - Third stage juvenile, 
L^ - Fourth stage juvenile. 
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Fig. 21 
The relationship between the replacement 
odonto style and body len.'^th in juveniles. 
L^ - F i rs t stage juvenile, 
Lg - Second stage juveni le, 
L3 - Third stage juvenile, 
L^ - Fourth stage juvenile. 
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Fig. 22 
ThG rslcit ions hit) between the odonto-
phore and body length in adults. 
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Fig. 23 
The relationship between the odonto-
phore and body length in juveniles. 
L]_ - F i rs t stage, 
L - Second staj-e, 
L^ - Third stage, 
L^ - Fourth stage. 
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Fig. 24 
The rslationship between the functional 
odontostyle and oesophageal length in 
juveniles. 
L^ - F i rs t stage juvenile, 
Lg - Second stage Juvenile, 
Lg - Third stage juvenile, 
L^ - Fourth stage juvenile. 
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Fig. 25 
The rsl£.tionship between the odonto-
sty le and oesophageal length in adults. 
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Fig. 26 
The relc-tionship between the replace-
ment odontostyle and oasophageal length 
in juveniles. 
L^ - F irst stage juvenile, 
Lg - Second stare juvenile, 
Lg - Third stage juvenile, 
L^ - Fourth starve juvenile. 
501 
E 
3. 
CJ 
U) o 
"c o T3 O 
30 
X L^ 
• 1 -2 
0L3 
o L/, Female 
® L/^Male 
g 
g(Iin®<St)Q®C!)® 
o sc®®® ^ 
gs 
s o fiCBD 
0 
® 
c 
(V 
E 
<v 
i 
X W 
CP c (U 10. 
X 
X 
X xc^om: 
"eS 100 200 300 AOO 500 600 
Length of oesophagus (pm) 
Fig. 26 
Fig. 27 
The relationship between the functional 
and replacjir^jnt -odonto style length in 
juveniles. 
L^ - F i rs t sta^e juvoniles, 
L^ - Second 3ta:;:e juvsnile, 
L^ ^ - Third sta^e juvanile, 
L^ - Fourth stc-.ja juvenile. 
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Fig. 28 
The relationship batween the functional 
odontoctyle and-odontophore length in 
juveniles. 
L^ - F i rs t stage, 
L - Second stage. 2 
L3 - Third stage, 
L^ - Fourth stage. 
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Fig. 29 
The relationship betvmen tho odonto-
sty le and odontophore length in adults. 
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Fig. 30 
The relat ionship between the expanded 
oesophageal and oesophageal length in 
adults. 
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Fig. 31 
The relationship betv/een the expanded 
oesophageal and oesophageal length in 
juveni les. 
L^ - F i r s t stage juvenile, 
Lg - Second stage juvenile, 
Lg - Third stage juveni le, 
L^ - Fourth stage juveni le . 
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Fig. 32 
The relcitionship batween the testes 
and body Isngth in adults. 
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Fis. 33 
The ralationship botween vulva and 
body Isngth in adults. 
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F i g . 34 
The r s l a t ions hip bat'-'/'een the anter io r 
and pos t3r io r gonad lengths and body 
length. 
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Fig. 35 
Tha relationship between the anterior 
and posterior gonad lengths. 
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Fig. 36 
The relationship batr.^een the 
pre rectum and body length in 
adults. 
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F I S . 37 
The relationship bet^ /^een the pre rectum 
and body lenf^th in juveniles. 
L^ - F i rs t stage juvenile, 
L^ - S3cond sta^e juvenile, 
Lg - Third staja juvenile, 
L^ - Fourth sta.'^ e juvenile. 
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F i - . 38 
The relationship hetween the rectum 
and -orerectum length in adiilts. 
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Fig. 39 
The relationship bo t./a en rectum and 
prerectum length in juveniles. 
L^ F i rs t sta3e juvenile, 
Lg - Second stage juveni le, 
L^ - Third stage junvenile, 
L^ - Fourth stage juvenile. 
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Fig . 40 
Embryonic development. 
A - S ingle-ce l led stage, 
B - T-./o-celled stage, 
C - Four-celled stage, 
D - Si:c-celled stage, 
3 - S ight-ce l led stage, 
F - T^/elve-celled stage, 
G - Sixteen-called stage, 
H - Thirtysi:c-cel led stage, 
I - Blastula stage, 
J - Gastrula stage, 
K - Lima bean stage, 
L - Comma stage, 
M - Tadepole stage, 
N - One f o ld em.biyo, 
0 - T-iJO f o ld embryo 
P - F i r s t stage juvenile readj"- to hatch. 
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Fi - . 41 
3 f f e c t of d i f f e r en t temperatures on 
ha.tching of D. stag:nalis. 
T e m p e r a t u r e (®c) 
Fig.41 
Fig. 42 
Development of Odontostyle 
A - D- In second stage, 
3 - H- In third stage. 
Fig. A2 
Fig. 43 
Devslopment of female gonad. 
A- Primordium of the f i r s t stage juvenile, 
Prinordium of the second stage juveni le , 
C- Primordium of the tfiird stage juveni le , 
D- Abnormal primordia of third stage juvanile, 
E- Primordium of the moulting third stage 
juvenile, 
F- Primordium of the fourth stage, 
G- Primordium of the moulting fourth stage 
Formation of vulva 
H_ i a r l y fourth sta^e juvenile, 
I - Kid-fourth stage juvenile, 
J- Late fourth stage juvenile. 
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Fig. 44 
Development of male gonad. 
A - Primordium of the third stage juvenile, 
B - Primordium of the moulting third stage 
juvenile, 
C - Primordium of the fcairth stage juvenile, 
D - Posterior region of the third stage 
juvenile. 
- Posterior region of the fourth stage 
juveni le , 
P - Fully developed testes of the fourth 
moulting stage juvenile, 
G - Koulting fourth stage juveni le. 
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Fig. 45 
Development of spicule and t a i l . 
A - Posterior region of late third stage 
juveni le , 
B - Sarly fourth stage juveni le , 
C-D - Mid-fourth stage juvenile, 
3 - Late fourth stage juveni le , 
F-G - Moulting fourth stage juvenile, 
H - Fourth stage juvsnile j e s t before 
f i n a l raoult. 
Fig. 45 
A -
Fig. 46 
Prey prefarenca in D. stagnalis 
Rhabditis sp. 
B - Hirs Ghrr.cjmie 11a oryzae, 
C - Ceohalobus sp., 
D - He 1 i c o ty la n c hus indicus, 
3 - Acrobeloides sp. 
F - Tylenchorhynchus mashhoodi, 
G - Honlolainus ind icus. 
14' 
" S i o . 
L-
Q. 
. 2 
A B C D E F G 
Type of prey 
Fig. 46 
Fig. 47 
At t ract ion of D. stagnalis towards 
prey. 
A - V/ithout prey, 
B - Rhabdltls sp. (whole) , 
C - Rhabdltis sp. ( exc i sed ) , 
D - H1 rschmanniella oryzae ( exc i sed ) . 
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Fi,-. 43 
Rate of prGdation of adults and 
juvenile starves. 
A - Female, 
B - Hale, 
C - Fourth sta^G juveni les , 
D - Third stare juveni les, 
E - Second sta^e juveni les, 
F - F i rs t sta::e juveni les. 
Fig. 49 
Predatory pattern in D. sta^^nalls, 
Rhabditis sp. 
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F i e . 50 
Factors inf^lnondnc predatlou by 
h. staniial ls. 
A - Prey numbor, 
B - Tsmperature, 
C - Starvation o f predators, 
D - Agar concentration. 
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